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the most advanced design of coal pulverizer on the market 











Announced in October 1935—sold within three months for boilers aggregating over 100,000 sq ft of 
heating surface—this mill offers a combination of advantages never before available in such equipmen |. 
Engineers of wide experience with coal pulverizers, after observing its operation and investigating i's 
performance, have declared it to be the best pulverizer they had ever seen. . . . Combustion Engineer: - 
ing Company, Inc., 200 Madison Avenue, New York. 


Applicable to either direct-fired or storage installations. Available in a range of sizes and 
capacities adequate for any requirements. 
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In the boiler room mechanical control 
is the DOER .. instruments the WITNESS 


A complete boiler control installation includes mechanical control 
equipment and instruments. It is the sole function af the mechanical 
control equipment to operate the boilers efficiently. It is the responsi- 
bility of the instruments to accurately check the result. Obviously if 
the instruments are to present a true picture of operating conditions 


they must function independently of the control equipment. 


To meet these basic requirements, the Republic Flow Meters Co. 
now offers, for the first time, a complete service in the field of 


measurement and control. 





Write for Data Book No. $-11 on Smoot Regulators and Data Book No. $-20 on Mechanical Combustion Contro!. 
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FDITORIAL 





Caustic Embrittlement 


Many will recall the controversy that waged some 
years ago following an epidemic of boiler metal cracking 
which was attributed to so-called ‘‘caustic embrittle- 
ment.’’ The extensive researches by Professor Straub 
appeared to fix the blame definitely on sodium hydroxide 
and, although at variance with certain German investi- 
gators, the conclusions were quite generally accepted. 
Subsequent studies led to establishment of the sulphate- 
carbonate ratio by the A.S.M.E. Boiler Code Committee 
which has proved effective in inhibiting embrittlement. 

With a view to establishing further data as to the 
effect of various solutions on deterioration of boiler 
metal, and particularly the most desirable sulphate- 
carbonate ratios in the higher pressure and temperature 
ranges, an extensive series of investigations was under- 
taken at the New Brunswick, N. J. Station of the U. S. 
Bureau of Mines. Much valuable data have been ob- 
tained and nine progress reports have been submitted. 

The most recent development in the study of so-called 
embrittlement is the discovery of the effect of silica. In 
attempting to confirm the results of Professor Straub, the 
investigators at New Brunswick repeated the former’s 
experiments, using chemically pure caustic soda, and 
were unable to produce cracking of the boiler metal. 
This led to further investigation which disclosed that 
Professor Straub had used a commercial grade of caustic 
that contained a small amount of.impurities. The effect 
of each of these was then studied and it was found 
that silica was the principal constituent. That this 
conclusion has been affirmed by Professor Straub in 
some recent experiments, was brought out in the dis- 
cussion at the A.S.M.E. Annual Meeting in December. 

This revelation means much to the investigators and 
may ultimately have important bearing on boiler water 
treatment, but it is likely to have little immediate ef- 
fect on boiler operation. It is commercial rather than 
chemically pure caustic with which the boiler operator 
has to deal. However, the increasing use of welded 
drums and the recommended sulphate-carbonate ratio 
provide a means of successfully combatting its effects. 


Our Petroleum Reserves 


Periodically during the past twenty-five years there 
have been warnings of approaching exhaustion of our 
domestic petroleum reserves, based on apparently 
authoritative estimates of the oil remaining in the 
ground. Each time, however, new pools, improved 
technique in drilling and increased recovery from existing 
wells have brought unexpected supplies and tended to 
discredit the professional forecasts. Moreover, develop- 
ment of the cracking process to produce large yields of 
gasoline from the heavier oils has made it possible to 
keep up with the ever-increasing demands for motor fuel. 
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This situation has been responsible for a widespread 
popular belief that sufficient oil would be available 
almost indefinitely, despite the fact that only two per 
cent of the wells produce fifty per cent of the oil. The 
fallacy of this assumption is discussed by Messrs. Snider 
and Brooks in a treatise recently issued by The Chemical 
Foundation, which is well worth reading by those con- 
cerned with the use of fuel. 

The authors assert that, based on the latest geological 
knowledge, our reserve is equivalent to twelve years’ 
consumption at the present rate, but that there is no 
method now known by which all this oil can be brought 
to the surface in twelve years; also, that a shortage of 
domestic production, necessitating increased imports 
and increased prices, may be expected within five to 
eight years, even though actual exhaustion may be many 
years off. Inasmuch as imports are uncertain in periods 
of emergency, and as adequate domestic reserves must 
always be maintained to meet the needs of national 
defense, it is suggested that now may be time to look to 
the future. 

Among the possible substitutes are oil from shale, of 
which there is abundance in this country, the hydro- 
genation of coal, as is now being practiced abroad, and 
perhaps a combination of hydrogenation and pressure 
cracking. However, the price ranges of petroleum in 
the United States have not been high enough to inspire 
the production of such substitutes on a commercial scale. 
When a shortage becomes imminent the increasing prices 
will undoubtedly warrant their production. It is pointed 
out that much development work and considerable time 
will be required before such an industry can be operative 
on a large commercial scale. 


Record Central Station Output 


Despite the enactment of restrictive legislation, govern- 
mental competition and local hinderances, the electric 
utilities established an all-time record in power genera- 
tion for the year just closed. Preliminary figures of the 
Edison Electric Institute place the electricity generated 
as approximately 93'/2 billion kilowatt-hours which rep- 
resents an increase of about ten per cent over that of 
1954 and four per cent over the banner year 1929. 
This figure is exclusive of electricity generated for public 
use by electric railways. 

While the large commercial load was not back to the 
1929 level it showed a most encouraging increase of more 
than eleven per cent over 1934. On the other hand, the 
domestic load for 1935 exceeded that of 1929 by more 
than forty per cent although the gain over 1934 was not 
so marked. 

When it is considered that the very considerable in- 
crease in load during the Fall of last year has been sus- 
tained, the outlook for the present year is most en- 
couraging. 
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Modernizing the 





Conners Creek Power Plant—III 


Boilers and Steam Generating Equipment 


Fig. 18—Cross-sectional elevation of old Conners Creek 
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This is the third of the series of six arti- 
cles describing in detail the rebuilding of 
the Conners Creek Power Plant of the 
Detroit Edison Company. The introduc- 
tory article in the November issue dealt 
with the economic considerations involved ; 
that in the December issue described the 
stokers and development of their combus- 
tion air control; the present article deals 
with the steam-generating equipment; and 
that in the February issue will describe the 
plant operating cycle and heat balance. 
It will discuss how advances in the art of 
power generation have been incorporated 
in the rebuilt plant; comparison will be 
made of the new and the old auxiliary 
power system and drives; and a brief ac- 
count will be given of how portions of both 
the old and new equipment were operated 
simultaneously during the rebuilding pro- 
gram. 
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boiler installed in 1915 





By SABIN CROCKER 
Engineer, The Detroit Edison Company 


HE notable advance in heat-power engineering made 
since Conners Creek originally went into service 
in 1915 is particularly evident when comparing the 

new with the old steam-generating equipment. A marked 
contrast between the 1915 and the 1935 Conners Creek 
boilers, both within the same column spacing, is shown 
in Figs. 18 and 19. 

Trebling the kilowatt equivalent of the boiler capacity 
within the existing column spacing as has been done in 
this case, resulted from the more efficient heat cycle in 
conjunction with the following modernizations in boiler 
design: (1) Increasing the continuous rate of coal burned 
per square foot of stoker grate area to permit a high rate 
of steam generation for long periods; (2) adopting a 
higher steam pressure and temperature as permitted by 
modern materials and methods of construction; (3) 
maintaining a much higher rate of heat liberation in the 
furnace which has been made possible by the use of air 
heaters, water-cooled furnace walls, screen tubes shield- 
ing the radiant portions of the superheater and higher 
velocities of gases carrying heat to other parts of the 
boiler; (4) adding welded jointless economizers which 
impart to the feedwater about seven per cent of all the 
heat added in the boiler room; (5) maintaining uniform 
superheated-steam temperature by combining radiant 
surface on both sides of the boiler with convection surface 
installed on one side only and arranged so that the gas 
flow can be split between two sides of the boiler so as to 
sweep through the convection surface as required to give 
essentially the same temperature at all ratings; and (6) 
developing an improved design of soot-blower elements 
which are more effective in keeping the tube surface 
clean of fly ash at continued high ratings and which, toa 
limited extent, are capable of descaling fused slag from 
tubes facing the furnace without having to drop the load 
to produce this result. 

As the stoker and air control have been fully described 
in the preceding section on “‘Stokers and Combustion 
Air Control,’’! the present article is confined to the re- 
maining features of the above itemization, together with 
other points of interest. 


Heat Released and Transferred 


How the effective kilowatt capacity of each boiler- 
room building-column space was increased by the design 
of the new boilers and the conditions of operation can 





1 ComBusTiIon, December 1935. 
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Fig. 19—Cross-sectional elevation of new Conners Creek boiler 
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Fig. 20—Comparison of heat release in combustion cham- 
ber, new vs old Conners Creek boilers 


best be demonstrated by a brief exposition comparing 
the heat transfer rates in the various sections of the 
boiler equipment. 

The rates of heat release in the combustion chambers 
are compared in Fig. 20. The old boiler with 8705 cu ft 
of furnace volume had a rate of heat release up to 30,500 
Btu per cu ft per hr against 50,400 Btu or better for the 
new boiler with a 11,000 cu ft furnace volume. 

A typical maximum continuous output of the old 
boilers is the 159,805 Ib per hr steam rate at 224 lb per 
sq in. gage and 634 F of test No. 9 as reported in the A.S.- 
M.E. technical paper, ““Tests of a Type-W Stirling Boiler 
at Conners Creek Power House’’ by P. W. Thompson.’ 
This indicated 190,970,000 Btu per hr imparted to steam 
generation. Taking this heat-transfer rate for the old 
boilers as a 100 per cent datum, the heat-output capacity 
of the new equipment has been raised to about 248 per 
cent by the percentage of heat transferred by the agencies 
indicated in Table VI. This takes into consideration 
only the heat added above the incoming boiler feedwater 
temperature. A comparison based on what might be 
termed the normal rating would show approximately the 


same ratio. 
TABLE VI 


COMPARISON OF THE HEAT IMPARTED ABOVE THE FEEDWATER 

TEMPERATURE AT MAXIMUM RATING OF THE NEW VS THE OLD 

STEAM-GENERATING EQUIPMENT OF THE CONNERS CREEK 
PLANT 


New Plant as 








Heat Trans- Old Plant, New Plant, Per Cent of 
fer Agent Per Cent Per Cent Old Plant Total 
Economizers 6.7 16.8 
Boiler 88.7 72.7 180.4 
Superheater 11.3 20.6 51.2 
Total 100.00 100.0 248.4 


The higher rate of heat release in the combustion 
chambers of the new boilers was made possible by the 
use of preheated air and by completely surrounding the 
fire with water-cooled walls and superheated-screen tubes. 
Estimating roughly, approximately 40 per cent of the 
total evaporation takes place in these tubes surrounding 
the furnace. Test data, which it is hoped to obtain at 
a later date, are expected to confirm this estimate or even 
show a still higher proportion. A view of the combustion 
chamber, water-wall and superheated screen tubes is 
shown in Fig. 21 which is self-explanatory. 

The figures given in Table VII on heat-transfer surface 
in the steam-generating equipment complete the account 
of heat released in the new boilers. 


2 Transactions A.S.M.E., 1922, Vol. 44, p. 1005. 
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TABLE VII 
SHOWING THE DISTRIBUTION OF HEAT-TRANSFER SURFACE 
IN THE NEW CONNERS CREEK STEAM-GENERATING EQUIP. 
MENT 
Type of Sq Ft of Effective Heating 
Surface Surface 
Water Walls 
Fin tubes 
Exposed halves of tubes 1,557 
Exposed fin surface 4,017 
Total fin tube surface 5,574 
Integral block 303 





Total water-wall surface 5,877 
Boiler, saturated surface 26,764 
. Superheater 
Radiant surface at radiant side 1,2 
At radiant-convection side 1,65 


Total radiant surface 2,862 
Total convection surface 5,487 





Total superheater surface 8,349 
Economizers, two single-pass, combined 

Exposed tube surface 3,687 

Exposed fin surface 4,933 





Total economizer surface 8,620 
Air heaters, two-plate type, combined 28,980 


Electrically-welded Boiler Drums 


The use of electric-fusion-welded boiler drums for the 
first time in this Company’s experience is in keeping 
with the decision to have a throttle pressure of 600-lb 
gage in a modern regenerative feedwater-heating cycle of 
a relatively high Carnot efficiency. The W or VV type 
of boiler, having drums some 54 in. in diameter, offers 
several problems when contemplated for pressures in 
excess of 400 lb. The relatively large drum diameter 
requires the use of walls up to 4 in. thick to meet the 
strength requirement in the ligaments between tube 
holes. 

Since riveted joints cannot be efficiently designed for 
plate thickness in excess of 3 in. and pressures of the order 
of 600 Ib, it becomes necessary to use either forged drums 
made from solid billets or else to use rolled plates with 
welded seams. The almost prohibitive cost of forged 





Fig. 2l1—View of combustion chamber of new Conners 
Creek boiler 
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Fig. 22—Comparison of steam temperature in new and old 
Conners Creek boilers 


drums of,,the size and wall thickness required for large 
bent-tube' boilers practically restricted the use of this 
type of boiler to pressures within the limits of riveted- 
drum construction until the manufacture of electric- 
fusion-welded drums was permitted under the A.S.M.E. 
Boiler Code. 

‘The adoption of fusion welding for the fabrication of 
these boiler drums introduced several new possibilities in 
design. Perhaps the outstanding contribution was the 
ability to make the sector containing the tube holes out 
of substantially thicker plate than the remainder of the 
drum which had to withstand only the ordinary bursting 
stresses. In this method of construction the heavy plate 
which is to contain the tube holes is fusion welded with 
longitudinal seams to the sector having the lesser thick- 
ness. In the case of the first two of the new Conners 
Creek boilers, for example, the upper center drums are 
fabricated of 2'5/3.- and 4-in. plate and the mud drums 
of 2- and 3'/2-in. plate, both longitudinally welded. De- 
spite the fact that the bottom sector of the 54-in. drum 
was increased to 4 in., it was necessary to swedge down 
the boiler-tube ends entering that sector from 3'/, to 
2'5/1, in. OD in order to maintain ligament strength. 
The upper side drums have 25/3:-in. uniform thickness 
shells with one as against two longitudinally-welded 
seams in the upper side drums and mud drums. The 
welds in these latter drums are located at the points where 
the wall thickness increases as shown in the cross-sectional 
elevation Fig. 19. 

The drums of Boilers 1 and 2 were designed with a 
safety factor of five for a steel of 55,000 Ib per sq in. 
tensile strength. With the acceptance by the Boiler 
Code Committee of a higher-carbon steel of 70,000 Ib per 
sq in. tensile strength, reduction in the thickness of the 
drums for Boilers 3 and 4 was made possible because of 
the 3000 Ib per sq in. increase in allowable bursting 
stress. Table VIII shows a comparison of plate thickness 
for Boilers 1 and 2 with that of Boilers 3 and 4. 
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TABLE VIII 
SHOWING THE EFFECT OF USING HIGH TENSILE STEEL ON 
BOILER-DRUM THICKNESS 
Boiler Plate Thickness, 
55,000 Lb per Sq In. 
Drum Steel Steel 


In.—Safety Factor =5 
70,000 Lb per Sq In. 


Drum Diam., Top Bottom Top Bottom 
Location In. Sector Sector Sector Sector 
Upper center 54 215/16 4 21/5 33/8 
Upper side 48 25/32 
Mud 42 2 31/2 11/2 215/16 


An attendant advantage of the higher-carbon steel is 
the reduced possibility of tube-hole distortion during 
tube rolling. Since the swedging down of the ends of 
the tubes entering the 54-in. wall had not noticeably 
affected the water circulation, advantage was again taken 
of this feature in the second pair of boilers although 
perhaps not altogether necessary with the higher-strength 
steel. 

The two upper side drums are each equipped with a 
single 4-in. Crosby high-lift pop safety valve having a 
discharge capacity of 238,000 Ib per hr. The super- 
heater-outlet header has one safety valve of 78,000 Ib per 
hr discharge capacity. The use of one high-capacity 
valve permits a substantial reduction in the number of 
boiler-drum connections required by previous practice as 
exemplified by the Delray boiler of only slightly less 
steam-generating capacity where four saturated-drum 
nozzles equipped with Y bases were provided to accom- 
modate eight safety valves of only about 50,000 Ib per 
hr capacity each. Water level is maintained in the 
two upper side drums by Copes regulators having tension- 
type thermostats which respond to water-level changes 
without being influenced by steam flow. The regulator 
orm the radiant-superheater side can pass up to 255,000 Ib 
per hr and the other on the radiant-convection super- 
heater side up to 180,000 lb per hr, a provision made 
necessary by the difference in superheater surface. The 
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Fig. 23—Integral soot-blower elements 
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pressure drop across each regulator is maintained at 25 
Ib per sq in. through the automatic control of a pressure 
regulating valve to produce the same characteristic 
Copes-flow versus water-level curve despite a consider- 
able variation in water pressure occasioned by different 
lengths of boiler-feed piping and boiler loading. 

Since modern boiler design requires that shop practice 
be most thorough and exact, some particulars regarding 
inspection of the new Conners Creek boiler equipment 
may be of interest. 


Inspection 


The increased rigidity of inspection of the new steam- 
generating equipment is characteristic of the careful 
study and thought given by the Company’s engineers to 
the whole subject of higher steam pressures and tempera- 
tures. The attitude of their inspectors reflected at all 
times the desire to cooperate fully with the manufac- 
turers in obtaining a superior product with the least 
amount of lost time, effort and material. .Unlike the 
policy of industry in general, inspection was not con- 
fined to scrutiny and physical test of only the finished 
product, but included an equally careful examination 
in which the manufacturer, Combustion Engineering 
Company, assisted after each and every major fabrica- 
tion operation. As a result, many wasteful operations 
such as machining a faulty part were prevented, imper- 
fections of design or processing resulting from the use of 
alloys never before attempted were observed at the 
source and promptly corrected, and a satisfactory con- 
formity with specifications absolutely assured. Such 
rigid inspection, although unusual, proved fair, profitable 
and acceptable to all parties concerned. 

Between 30 and 50 per cent of the tubes used in the 
boilers were carefully inspected for curvature, layout, 
hardness and other physical characteristics. Because 
variable rolling temperature in the tube mill was found 
to have increased the hardness of a number of tubes above 
that required for good rolling-in, the entire lot of tubes 
for the second pair of boilers was annealed before ship- 
ping. Additional care was given to the annealing of the 
swedged ends of the tubes entering the 54-in. drum. 
Careful inspection of the boiler-drum material resulted 
in detecting occasional imperfections immediately after 
bending, thus preventing an uneconomical use of labor 
on a product that would have had to be rejected in its 
final stage. Piping and valves used for the boilers re- 
ceived unusual but justifiably careful inspection, which 
is described in some detail in a section to be published 
later on ‘‘Piping.”’ 

While the type of inspection carried out on the new 
equipment for Conners Creek may savor of over-cautious- 
ness, it is felt that a wealth of profitable knowledge and 
experience has been acquired in its development and that 
a reliable product has been assured. 


The Elongation Method of Tube Rolling 


In an effort to eliminate guesswork from tube rolling 
and obtain uniformly satisfactory results, the Company 
has attempted with reasonable success to develop simple 
and rugged equipment to indicate the correct amount 
of rolling for the various phases of attaching tubes to 
boiler drums. With the added resistance against tube- 
hole deformation obtained with higher carbon drum steel, 
the precision drilling of the holes under careful in- 
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spection, and finally with the newly developed check on 
tube expanding, all reasonable known precautions have 
been taken to insure adequate ligament strength between 
the tube holes. Since the elongation method for rolling- 
in boiler tubes has been fully discussed,* only a brief 
description need be given here. 

The only extra tool required for the elongation method 
of rolling-in tubes is a dial indicator fitted with a proper 
sized magnetic or three-point-bearing clamp readily at- 
tachable to the tubes. The end of the dial-indicator 
shaft rests on the tube sheet or drum. A “parallel” 
expanding tool is used. During the first operation, when 
the tube is loose in the hole, the dial needle vibrates 
until the tube has been stretched into circumferential 
contact with the tube hole. During the expanding opera- 
tion, the wall of the tube is squeezed between the ex- 
panding tool and the surface of the tube hole, thus forc- 
ing metal to flow axially. This axial flow causes move- 
ment of the dial-indicator needle, the amount of the 
movement necessary to produce the best joint being 
established by test. Asa result of the tests so far carried 
out, an elongation of 0.020 to 0.025 in. is recommended 
for the most satisfactory joint, apparently independent 
of the tube and drum dimensions. Additional tests are 
being conducted to determine the effect of hardness and 
other factors which Messrs. Fisher and Cope intend 
to discuss in the near future. 


The Compensating Superheater 


The development of higher temperature power-plant 
heat cycles is governed largely by the availability at a 
reasonable price of alloys to withstand high temperature. 
Only comparatively recently such alloys became economi- 
cally feasible for temperatures up to 850 or 900 F. Since 
reliability and prevention of excessive creep require, 
however, that alloys not be subjected to temperatures 
very much higher than that for which they are designed, 
the compensating superheater has been developed to 
control steam temperature as measured either at the 
superheater, throttle or in the main piping. 

The compensating superheater installed in the new 
Conners Creek boilers is the outcome of experimental 
studies made at the Trenton Channel Plant over a num- 
ber of years. The developmental history of this type of 
superheater was fully covered by E. V. Rieder in Com- 
BUSTION, November 1934. Satisfactory temperature 
control with the finally adopted design for the experimen- 
tal installation in this pulverized-fuel plant did much to 
encourage the use of higher superheated-steam tempera- 
tures at Conners Creek. 

The compensating type of superheater should not be 
confused with the probably better known, though pos- 
sibly less economical, by-pass type which provides an 
independent path around the main superheater, which 
path is void of superheater surface and through which 
an increasing proportion of combustion gas passes as 
the load approaches a maximum. The compensating 
superheater avoids the disadvantages of the by-pass 
type while retaining all its advantages, by providing two 
independent gas paths each controlled by a damper and 
containing, in the Conners Creek boilers for example, 
roughly 15 per cent of the superheater surface in one 
passage and 85 per cent in the other. Since, in the com- 





3 See A.S.M.E. Transactions, Vol FSP-57-7, May 1935, by F. F. Fisher and 
E. T. Cope. Also Comspustion, May 1935. 
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pensating type, the flow of combustion gases is equalized 
at approximately maximum rating, very little, if any, 
increase in fan size or in boiler and superheater surface 
is required. 

The compensating principle is readily applicable to 
any type of superheater where steam temperature is 
elevated by the flow of hot gases across heat-transfer 
surface. For many years past attempts, some successful, 
have been made to combine radiant and convection 
surface so that the characteristic temperature curve of 
the combination would be approximately horizontal. By 
combining semi-radiant with convection surface, a design 
of variable-gas-distribution compensating superheater 
with a reasonably good characteristic curve was obtained, 
see Fig. 22. Whether or not the semi-radiant surface 
need be brought still closer to the fire remains to be deter- 
mined by additional experimental work. 

Some advantages of the compensating-type super- 
heater are as follows: 

1. The compensating superheater is peculiarly adapted 
to the ‘‘W”’ and ‘““V V”’ types of boiler pioneered by The 
Detroit Edison Company and developed as a definite 
policy since 1912. 

2. Instead of maintaining constant superheater-outlet 
temperature, the dampers can be operated to give a con- 
stant turbine-throttle temperature regardless of the varia- 
tion with boiler loading or of temperature loss by pipe 
radiation. 

3. The addition of a remote-control damper-regulating 
device does not complicate operation to any noticeable 
extent. 


Integral Soot Blower 


More effective elimination and prevention of slag for- 
mation and fly-ash accumulation improves the uniformity 
of control of the superheated-steam temperature. The 
development of boilers burning large quantities of coal 
at high rates of heat liberation has increased the tendency 
for slag formation on the front boiler tubes above the 
combustion chamber, and for fly ash to carry over 
within the tube banks. The greater depth of tube banks 
and the higher gas temperatures associated with modern 
boilers suggests that the whole problem of cleaning the 
outside tube surface, while the boiler is under load, 
should be attacked from an entirely new viewpoint if 
high steaming rates are to be maintained for indefinite 
periods. 

Sensing that this work would have to be undertaken 
sooner or later, the Company’s engineers began experi- 
menting with integral soot blowers at the old Conners 
Creek and Marysville power houses in 1931. The blower 
element, consisting of a boiler tube squashed into a half- 
moon cross-section, see Fig. 23(A), with the inner rim of 
the crescent taking approximately the curvature of a 
3'/,-in. OD tube, was welded to the backs of certain 
boiler tubes located in strategic positions. Nozzles were 
fitted into the elements pointing in the desired directions 
approximately parallel with the gas flow. While the 
boiler was in operation the blower assembly was supplied 
at usual intervals with 125-lb saturated steam as required 
to dislodge ash accumulations, each blower element being 
connected at one end to a steam manifold in a position 
withdrawn from the hottest gas passage. At the gas 
temperatures found in these experimental installations, 
sufficient heat was transferred through the attachment 
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Fig. 24—Operating board of new Conners Creek boiler 


to the tube wall to prevent burning of the integral 
elements with normal circulation of the boiler water. 
The results of these experiments were so satisfactory 
that it was decided to try out similar elements at Delray 
Power House No. 3 under more severe service conditions. 

The temporary Delray installation made the following 
year on a boiler operating at 400 lb, 700 F proved that 
two conditions would have to be satisfied before the 
integral soot blower could be used with the high gas 
temperatures for which it was finally intended. First 
sufficient area of metal must be provided for conducting 
the heat absorbed by the element, and second, the weld- 
ing between the element and the boiler tube must be 
ample for transmitting this heat to the tube wall and 
thence to the boiler contents. To satisfy these conditions, 
the soot-blower element ultimately took the form of two 
quarter sections of a 2°/s-in. OD tube joined with a 
welded center rib, see Fig. 23(C), the whole carefully 
welded to the boiler tube. This rib type which was in- 
stalled in No. 2 boiler in the rebuilt Conners Creek 
plant has proved quite satisfactory. 

One successful element being found, attention was 
devoted to reducing fabrication costs by general all- 
round simplification of design. The new element, a 
1!/,-in. OD tube with '/,-in. wall milled flat on the side 
adjacent to the boiler tube, was attached to the tube with 
a three-bead weld to insure having a sufficient heat path. 
Nozzles pointing in various pre-selected directions are 
welded into the tube as desired. This scheme also 
adapted itself well to the use of nozzles on the front of the 
first row of boiler tubes facing the combustion chamber, 
see Fig. 23(D). Tube-front nozzles, which can be seen in 
Fig. 21, point up close to and along the tube so as to dis- 
lodge any slag forming on the combustion chamber side 
which cannot be reached by the regular tube-back noz- 
zles. Deslagging of this first row of tubes in the front 
bank, through preventing excessive furnace temperatures 
under conditions of high efficiency and low excess air, 
has assisted materially in maintaining high boiler loads 
continuously over longer periods. 

For superheater cleaning where the lower element is 
protected by a baffle, and farther back in the boiler where 
gas temperature is lower, a simple half-tube without any 
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center rib (Fig. 23(B)), a design tested in the early devel- 
opmental stages, has proved a simple, economical ele- 
ment. In the two rear passes of the first four boilers, 
stationary Diamond soot blowers were installed. As the 
high-velocity steam simultaneously ejected from all the 
nozzles of the integral blowers in the front of the boiler 
retains sufficient energy to clean the back passes also, 
the stationary Diamond blowers already installed were 
plugged up and no further installations now seem neces- 
sary in subsequent boilers. The integral soot blower, dur- 
ing the limited time it has been operated, has proved suffi- 
ciently satisfactory to justify duplicating in future boilers. 

Soot blowing is controlled by quick-opening globe 
valves located directly above the two saturated-steam 
boiler drums. Each valve, through a header system in- 
side the boiler setting, simultaneously admits steam into 
all integral elements in one-eighth of the boiler proper. 
Sections are blown in a predetermined sequence. The 
economizers and air heaters are controlled similarly but 
by a separate system. . 

The economizers and plate-type air heaters are 
equipped with one element each in the gas inlet. By dia- 
gramming, egg-crate fashion, the area of the gas entrance 
passage and locating one nozzle in each small area, one 
stationary grid element is designed to blow each appli- 
ance. It is believed that by this arrangement the steam 
jets mutually restrict the spreading of the jet of steam 
beyond the boundaries of each ‘‘egg-crate,”’ thus main- 
taining the steam velocity so as to do effective cleaning 
at the far end of the equipment. 

Saturated steam at about 650 lb per sq in. boiler pres- 
sure is supplied directly through the control valves into 
the soot-blower headers. A marked improvement in the 
appearance of the boiler is accomplished by placing all 
soot-blower piping within the setting, thus eliminating 
conspicuous condensate traps and attendant unsightly 
piping. Any condensate on the pressure side of the con- 
trol valve drains by gravity back to the steam drum. 
The soot-blower piping and elements are designed to take 
up about 550 lb per sq in. in friction loss so that the steam 
pressure at the nozzles is approximately 100 lb per sq in. 
There is a minimum change in boiler-water level as each 
section of the steam-generating equipment is blown for 
only ten seconds. 

Soot disposal is a further interesting refinement of 
design incorporated in the new Conners Creek boilers. 
By a series of internal ducts and power-driven feeder 
valves which can be distinguished in Fig. 19, all the soot 
hoppers, including those under the economizers and air 
heaters, and the rear passes of the boiler can drain into 
the stoker hopper from which the soot is fed into the fur- 
nace for burning. Incorporated with these drains are 
four-way valves to direct when necessary the discharge 
of cinders from either the front or the rear mud-drum 
hoppers to either the stoker hopper or to a water-drain 
connection to the basement for use when washing down 
economizers. As the four-way valves prevent short- 
circuiting the draft in the boiler passes, either the front 
or the rear mud-crum hoppers, as desired, may be con- 
tinuously discharged to the stoker. Operation so far has 
been gratifyingly satisfactory. 


Forced nd Induced Draft Increased 


The increased steam-raising capacity of each boiler 
space, as already described, required sources of draft of 
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both greater capacity and higher static head than could 
be produced by the old equipment. Naturally induced 
draft up to about 11/2 in. was sufficient for the old boilers 
since economizers were never installed although space 
had been provided. The original forced-draft fans, in- 
stalled in the pipe gallery below the boiler-room floor, 
supplied up to 74,000 cfm of air at 7-in. water pressure to 
the plenum chamber of each boiler. These latter were 
replaced with forced-draft fans of 101,000 cfm capacity 
(at 29.92 in. Hg, 68 F and 50 per cent relative humidity) 
with a static head of up to 15.78 in. of water to supply the 
draft loss occasioned by the air heaters, zoned combus- 
tion-air control and the considerably higher rate of 
combustion. 

Because of the greater friction loss associated with 
larger gas volume passing from the new boilers through 
the old stacks, and the addition of economizers and air 
heaters, coupled with a much lower stack temperature 
available for creating natural draft, induced-draft fans 
were installed with the new steam-generating plant. 
These fans, like the stokers, are driven by 230-volt de 
motors to obtain the desired flexibility of operation. 
The new induced-draft fan is designed for 181,000 cfm 
capacity (at 29.92-in. Hg and 346 F) at a static head of 
up to 15in. of water. Both the forced-draft and induced- 
draft fans used with the new boilers were made by the 
American Blower Co. 

Little alteration was necessary in the stack proper. 
The uptake from the old boiler outlet to the base of the 
stack was removed. The new breaching from the in- 
duced-draft fan, located on a new floor 16'/» ft above the 
old belt-conveyor floor, is specially designed to regain 
some part of the velocity head of the gas leaving the fan 
outlet. A wide sweep is provided to deflect the gas into 
the stack with a minimum head loss. The available 
natural draft is reduced both by the new stack gas tem- 
perature, lowered by about 400 F, and by a greater fric- 
tion loss in the stack as the result of higher gas velocity. 
Except for regular maintenance, nothing more had to be 
done to the stacks to fit in the new boilers. 


Gage Board 


Of the remaining boiler equipment not already dis- 
cussed, brief mention should be made of the boiler-oper- 
ating gage board if only to point out the comparatively 
simple instrument layout required for the air control. 
As will be seen from Fig. 24, the new gage board is 
marked for its neat appearance and arrangement. The 
left-hand third of the board is devoted to air-flow and 
damper-position indicators, air- and water-pressure 
gages, gage-manifold switches and zone-loading con- 
trols. To an operator familiar with the board, this 
equipment tells at a glance the exact condition of the 
fire on both stokers of the boiler. 

Of the other instruments in the remainder of the 
board, little need be said. Because the new steam plant 
has more equipment, there are more draft gages. Steam- 
flow air-flow meters are on both the old and new boiler 
panels. The new installation includes far more elaborate 
and exact temperature-indicating and -recording instru- 
ments for maintaining a nearly constant superheated- 
steam temperature, and the keeping of full operating 
records. The use of remote motor control has removed 
the unsightly drum controllers. It is felt that the present 
layout reflects the latest experience and is very satisfac- 
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Fig. 25—Unloading first cargo of 
water-borne -— ~~ Conners Creek 
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Fig. 26—Reclaiming coal from pile 
on dock 








Fig. 27—General view of yard layout at Conners Creek 


COMBUSTION—danuary 1936 








tory for the somewhat new variations in boiler operation 
created by the newer design of steam-raising equipment. 


Bowler Performance to Date 


The particular objective of the many new features in- 
corporated in these boilers was to make possible highly 
efficient operation through a very wide range of load and 
uninterrupted runs of several months’ duration. Air con- 
trol and superheat adjustment relate to the first objec- 
tive; special cleaning features are intended to accomplish 
the second. 

Operation over a period of several months indicates the 
first objective has been accomplished to a very satisfac- 
tory degree. Variations in coal and ash characteristics, 
and the high furnace temperature resulting from high 
CO. operation have made the second objective difficult 
to accomplish. The special cleaning features have 
tended, however, to shorten the cleaning time and reduce 
outage materially. 


CoaL HANDLING AND PREPARATION, AND ASH REMOVAL 


Fortunately the existing coal-handling and preparation 
equipment is still in excellent condition and capable of 
operating a few more hours per day to supply fuel for a 
plant of double the original size. According to usual 
practice the original equipment was selected with a view 
to providing sufficient capacity for preparing and deliver- 
ing to the bunkers during a short shift, enough crushed 
coal to carry the plant through the 24-hr period. This 
capacity in conjunction with ample bunker storage makes 
it possible to prepare and deliver to the bunkers, still 
during a single shift, a sufficient supply of crushed coal to 
carry the new boilers through a period somewhat in ex- 
cess of 24 hours even when operating at maximum rating. 


Continued Use of Existing Coal Equipment 


The availability of this equipment for continued use, 
to all intents and purposes just as it stood, had in two 
ways a considerable bearing on the rebuilding plans. 
First, it was possible to double the capacity of the power 
plant without making a corresponding outlay on equip- 
ment for preparing, handling and storing crushed coal. 
This fact, coupled with similar ability to re-use the build- 
ing, canals and foundation work for double capacity 
with only slight additions, tends toward continually 
decreased investment costs per installed kilowatt as the 
rebuilding proceeds. The rebuilding plan avoids in this 
respect a considerable duplication in investment which 
would occur if the additional capacity were placed in an 
entirely new plant located on an adjacent site. Second, 
the fact that the equipment was suited for stoker firing 
rather than for using pulverized coal did much to swing 
the choice in favor of the former method. 

The value of the coal equipment suitable for stoker 
use only, plus the portions of the building structure re- 
quired to support it and to confine dust to the conveyor 
space, or in other words, those items not suitable for re- 
use with a pulverized coal system, amounted to about 
$350,000. The coal-unloading house, receiving hoppers, 
coal crushers and apron conveyors from hoppers to 
crushers represent another $375,000 investment which 
could be utilized in rebuilding the old plant for either 
pulverized coal or stoker firing, but which would have to 
be duplicated if an additional plant were built on an ad- 
jacent site. Thus, in the matter of coal supply alone, the 
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rebuilding scheme is entitled to a credit of approximately 
$725,000 saving in investment over adding equivalent 
capacity inanew plant. These figures do not involve the 
coal dock or yard equipment which would do in either 
case. 
Capacity of Coal-Handling Equipment 

A brief account of the coal-handling equipment may 
be of interest in tracing the path of coal from railroad car 
to stoker as shown in the old and new plant cross-sec- 
tions, Figs. 3a and 3b, respectively. Coal, after being 
weighed on railway scales, enters the unloading house in 
hopper, or in drop-bottom cars. Parallel tracks can be 
used if necessary to unload two cars simultaneously into 
the same hopper. There are four hoppers under the 
tracks in the unloading house, from which the coal is 
elevated by four Link-Belt Co. ‘‘apron’”’ conveyors to four 
Williams crushers where it is reduced to standard size. 
Crushed coal is hoisted in four Peck bucket conveyors to 
the top of the boiler house where the buckets are tripped 
on to three Robins belt conveyors extending the length 


TABLE IX 
COAL DEMAND FOR REBUILT PLANT 
330,000-Kw 390,000-Kw 

Plant, 12 Boilers Plant, 14 Boilers 

Good Poor Good Poor 

Coal Coal Coal Coal 

Coal burning rate, lb per kw hr* 1.0 1.14 1.0 1.14 
Hourly coal demand at rated plant ca- 

pacity, tons 165 188 195 225 
Hourly capacity of coal equipment, 

tons** 480 480 480 480 
Daily coal demand at 100% plant use 

factor, tons 3960 4512 4680 5400 
Daily coal demand at 75% plant use 

factor, tons 2970 3384 3510 4050 
Daily coal demand at 50% plant use 

factor, tons 1980 2256 2340 2700 
Hours’ operation coal equipment per 

day, 100% plant use factor 8.25 9.40 9.75 11.25 
Hours’ operation coal equipment per 

day, 75% plant use factor 6.20 7.05 7.31 8.45 
Hours’ operation coal equipment per 

day, 50% plant use factor 4.12 4.70 4.87 5.62 


Any Size Plant 


Good Poor 

Coal Coal 

Available bunker storage per boiler,tons 500 500 
Time required to exhaust available 

bunker storage, hrs 

30,000 kw average load per boiler 33.3 29.2 

25,000 kw average load per boiler 40.0 35.1 

20,000 kw average load per boiler 50.0 43.9 

15,000 kw average load per boiler 66.7 58.4 

10,000 kw average load per boiler 100.0 87.6 

1 


* Assuming an average plant steam rate of approximately 10 lb per kw hr, 
purposely chosen somewhat high. 


** This is rated capacity. Actual test shows up to 543 tons per hour. 


4 See ComBusTIon, November 1935. 
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Fig. 23—Ash-handling arrangements at bottom of one of the 
new boilers 
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of the three rows of bunkers, from which it feeds as re- 
quired through spouts and spreaders to the stoker hop- 


pers. Each of the four sets of equipment enumerated 
above has a rated capacity of 120 tons per hour, giving a 
total capacity for the plant of 480 tons per hour. Actual 
tests of the equipment, however, have shown a capacity 
when operating continuously of 543 tons per hour which 
is fully equal to the demands of the double-size rebuilt 
plant as shown by the accompanying tabulation. 

The foregoing data show that while the bunker ca- 
pacity is ample for day-to-day storage, it is somewhat 
short of providing sufficient margin for week-end carry- 
over, especially when there is a contiguous holiday. The 
present tendency toward base-loading the few new boil- 
ers and turbines initially installed accentuates this short- 
coming and makes it necessary to refill the bunkers once 
or twice during a week-end. This, however, is a minor 
inconvenience and it is doubtful whether larger bunkers 
would be justified if the plant were being built new. 


Rail and Water-Borne Coal 


Until 1930 coal was received at Conners Creek by rail 
only. Entering cars were either unloaded into stock by 
locomotive cranes having grab buckets, or dumped 
through their drop bottoms into hoppers underneath the 
tracks in the coal-unloading house. Over two track 
hoppers is located an unloader consisting of an overhead 
traveling crane equipped with heavy spuds for breaking 
up masses of frozen coal in the cars. The unloader also 
serves to move cars along the track inside the unloading 
house. Coal from storage is reclaimed by locomotive 
cranes loading into railroad cars, which are then pushed 
by a yard locomotive to the unloading house. It has 
been the Company’s policy to keep a one to three months’ 
supply of coal on hand at all times to guard against a 
temporary stoppage in delivery. 

In 1930 equipment was installed for handling water- 
borne coal to take advantage of the favorable water 
freight rate from the lower lake ports. Self-unloading 
vessels dock on the river frontage and discharge their 
cargoes on to the shore, Fig. 25, within reach of a Beau- 
mont drag scraper where about 20,000 tons can be piled 
at one time. The arrangement for reclaiming coal from 
this pile was described in an article by J. R. James in 
Power for November 3, 1931. Cars loaded by the drag 
scraper, Fig. 26, are removed by a yard locomotive. 
Hopper-bottom cars are used for coal sent to the coal- 
unloading shed. Flat-bottom cars are sent to the stock 
piles for unloading by locomotive crane. 

Navigation on the Great Lakes is open for approxi- 
mately eight months of the year, during which period all 
coal received is water borne. During the autumn the 
stock piles are built up sufficiently to carry the plant 
through the winter. For several years no coal has been 
received by rail, but, as the plant capacity approaches 
300,000 kw, it may become necessary either to revert in 
part to rail-borne coal during the winter months or else 
to increase the acreage of the storage piles. On the 67- 
acre tract on which the plant is situated, there remains 
sufficient space for stocking a large supply of coal. With 
the yard trackage arranged as at present, it is possible 
to stock up to 175,000 tons, counting the 20,000 tons on 
the coal dock. By rearranging the tracks and only 
slightly increasing the space, it would be possible to aug- 
ment the storage to 270,000 tons, still using the locomo- 
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tive-crane method of handling into and out of stock. A 
general idea of the yard layout cari be obtained from the 
photograph of Fig. 27. 

If more coal storage is desired it may eventually be 
necessary to clear that part of the property now used for 
cable drums, unsold scrap equipment and so on. Ex- 
perimentation during recent years indicated that the 
most economical height from the point of view of loss by 
spontaneous combustion is thirty feet from ground to 
apex of the coal pile, which result was definitely incorpo- 
rated in the rules for stocking coal. Some idea of the 
amount of storage which will be required can be gathered 
from the daily requirement of a 330,000-kw plant oper- 
ating at 50 per cent use factor being in the neighborhood 
of 2000 tons. Navigation in the Detroit River is reck- 
oned to be closed from December 1 to March 15. At the 
end of the closed season, policy dictates that there shall 
remain further storage sufficient to supply the plant from 
one to three additional months depending upon the indi- 
cations of labor unrest and future business. If a 136- 
days’ supply is to be on hand at the close of navigation in 
the Fall for carrying through the closed season, the stor- 
age of about 270,000 tons required for a 330,000-kw 
plant can be provided for, as explained, quite easily. 
Allowing for an additional 61 days, or 197 days in all, 
about 400,000 tons must be on hand. This can be suit- 
ably provided in the cleared property, still using the 
same methods of storage. The advisability of increasing 
the storage to this extent will depend on the differential 
between rail and water freight rates at the time. 


Ash Handling 


Ash is removed from the boilers in standard railroad 
cars entering the boiler-house on tracks at grade level. 
As shown in Figs. 3a and 30 (see the first article), and in 
more detail in Fig. 28, an ash aisle is situated along the 
center lines of the two rows of boilers below the mezzanine 
floor. The existence of these aisles with their standard 
track, and the possibility of incorporating an adequately- 
sized ash hopper for the new boilers and still leave head 
room for the standard steel cars were also favorable to a 
rebuilding program using double-ended stokers rather 
than pulverized coal. A further consideration in favor 
of stoker firing is the profitable market for the sale of 
cinders which has existed since the plant was started. 

Ash discharged by the clinker grinders is held in large 
hoppers and periodically dumped directly into the cars. 
In order to accommodate the new 37-cu yd ash hopper 
in proper relation to the new extension grates and ashpit, 
it was only necessary to reduce the clearance above the 
tracks to 11 ft, leaving about 1'/, ft less than in the old 
plant. The extension grates and the ash hopper are 
provided with general service water sprays for quenching 
and washing. The ash-dump gates are of the air-oper- 
ated sliding type and are lined on the upper side with 
gunite. The ashes are dumped once or twice every eight- 
hour shift, and upon opening of the gates fall by gravity 
into the cars placed below. The cars are drawn out of 
the aisles by coupling with other cars attached to a yard 
locomotive, and are emptied by the grab-bucket crane 
which also piles the cinders on the property adjacent to a 
trucking driveway. Ash is filled into contractors’ motor 
trucks by the same method and hauled away for grading 
parking lots and cinder drives, and for building construc- 
tion. 
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INSTALLED BY WEST VIRGINIA 
PULP AND PAPER COMPANY 
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Patented 


Two of four Sturtevant Vane Control Draft Fans installed in the Luke, Mary- 
land plant of the West Virginia Pulp and Paper Co. View of the plant at top. 


NE of the largest makers of 

quality papers in the United 
States, this company has recently 
installed Sturtevant Vane Control 
Draft Fans in both their Luke, 
Maryland and Covington, Virginia 
plants. 
These fans serve two Riley 
Steam Generating Units com- 


parable in size to those used 


by public utilities. Each unit de- 
velops 375.000 pounds of steam per 
hour at 630 and 600 pounds pres- 


sure respectively, with total steam 
temperatures of 700°F and 750°F. 





») U rleva N | 


rail Fans 


Tour Sturtevant Fans—two induced 
draft each rated 102,000 C.F.M. 
against 16.3” S.P. and two forced 
draft, each rated 72,000 C.F.M. 
against 14.5” S. P. serve each of the 
two steam generators. 


B. F. STURTEVANT COMPANY 
Main Offices: Hyde Park, Boston, Mass. 
New York, 420 Lexington Ave.; Chicago, 
400 N. Michigan Ave.; San Francisco, 
681 Market St. Branches in Other Cities 


DRAFT FANS - TURBINES - GEARS - ECONOMIZERS - AIR HEATERS 
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(January 19,1736 - 


A brief review of Watt’s contribution to 
the machine age through his transforma- 
tion of Newcomen’s crude and wasteful 
pumping engine into an economical source 
of power. While not the inventor of the 
Cornish boiler, he did much to improve 
its primitive form and, by patient experi- 
mentation, to establish certain funda- 
mental data relative to the generation of 
steam. An insight into his personal char- 
acteristics and business acumen is shown 
in his relations with such men as Boulton 


and Roebuck. 


ANKIND is celebrating this month the 200th 
M anniversary of the birth of one of its benefactors, 
James Watt, who was born in Greenock, Scot- 
land on January 19, 1736. It is the popular belief that 
Watt was the inventor of the steam engine, and that 
his invention was the starting point of the Industrial 
Revolution, that period of quick economic and social 
changes which brought about modern industrialism. 
Like most attempts to compress into a brief formula the 
meaning and content of a complicated sequence of events, 
this belief is not quite in keeping with the facts. 

Watt’s statue in Westminster Abbey, erected by pub- 
lic subscription in 1824, bears on its pedestal an inscrip- 
tion composed by the great Lord Chancellor, Lord 
Brougham. It praises Watt as the man who directed 
“the force of an original genius, early exercised in philo- 
sophical research, to the improvement of the steam en- 
gine.’”’ Asa matter of fact, when Watt, in 1769, received 
his first patent for ‘‘lessening the consumption of steam 
and fuel in fire engines,’’ these engines, invented by 
Thomas Newcomen, a blacksmith, had been in common 
use for two generations. The fire engine was based on a 
principle discovered by the French protestant refugee, 
Dr. Denis Papin, who had described it in a paper pub- 
lished in 1690. The engine consisted of a cylinder open 
at the top and of a piston sliding along its inner surface. 
The piston was connected by a chain with the end of a 
beam swinging about its middle and bear- 
ing at its other end a counterweight, able 
to raise the piston. Steam introduced 
under the piston expelled the air and, 
when cooled by a jet of water, condensed, 
creating a partial vacuum which permitted 
the pressure of the atmosphere to force 
the piston downward. 

Watt himself has described the defects 
of Newcomen’s engine and modestly ap- 
praised his own basic invention as follows: 

“When analyzed, the invention would 
not appear so great as it seemed to be. 
In the state in which I found the steam 
engine it was no great effort of mind to 
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- August 19, 1819) 


By H. R. TAUBE* 


observe that the quantity of fuel necessary to make it work 
would forever prevent its extensive utility. The next 
step in my progress was equally easy—to inquire what 
was the cause of the great consumption of fuel. This too 
was readily suggested, viz., the waste of fuel which was 
necessary to bring the whole cylinder, piston and ad- 
jacent parts from the coldness of water to the heat of 
steam no less than from 15 to 20 times in a minute.” 

During a walk, one Sunday afternoon, in June 1765, it 
became clear to him that 

“as steam was an elastic body, it would rush into a 
vacuum, and, if communication were made between 
the cylinder and an exhaust vessel, it would rush into it 
and might be there condensed without cooling the cyl- 
inder. I then saw that I must get rid of the condensed 
steam and injection water if I used a jet as in Newcom- 
en’s engine.” 

The ‘‘exhaust vessel” mentioned by Watt is the con- 
denser, the use of which eliminated much of the thermal 
losses in the cylinder. Further, by enclosing the cylin- 
der in a larger vessel filled with live steam, the latter re- 
placed the atmospheric pressure for forcing the piston 
down and cooling of the cylinder walls by the air was 
avoided. The result was that an engine built according 
to Watt’s patent would save three-fourths of the fuel 
required by a Newcomen fire engine of the same capacity, 
but otherwise the working principle, appearance and 
range of usefulness were the same as that of its prede- 
cessor. It could pump water, blow the bellows of a blast- 
furnace, but it could not turn the wheels of industry. 
To do that a rotative engine was required which Watt 
developed and which was put on the market in 1783. 

At the time of its appearance many branches of Brit- 
ish industry, in the first place cotton spinning, but also 
milling, brewing, the metal industry and mining, had 
long ago outgrown the handicraft stage and represented 
capitalistic enterprises carried on in large establishments 
employing large numbers of workmen. The only source 
of mechanical power then available to industry was, 
besides the muscle power of men and 
animals, the energy of falling water, and 
this required in many cases the erection 
of factories and works in inaccessible, out- 
of-the-way places. 

As roads were scarce and bad, the incon- 
veniences and expenses caused by the 
transportation of materials and manufac- 
tured goods, and by the housing and feed- 
ing of numerous employees, were consider- 
able. The steam engine broke the tie, 
chaining industry to sites of water power, 
providing an economical and illimitable 
source of motive power. 





t Reproduced from Thurston’s “History and Growth of 
the Steam Engine,” published by D. Appleton-Century 
Company. 
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Watt’s rotative, double-acting expansion engine which 
was patented in 1782, answered a crying need, because 
industry had nearly exhausted the available sources of 
water power, and its further growth and development 
would have been stunted and retarded by lack of motive 
power. On the other hand, the immediate success of the 
steam engine was due in no small degree to the progress 
of mechanical technology made shortly before its ad- 
vent, which had made available means to produce the 
large, comparatively accurately machined castings Watt’s 
eugine required. A few decades earlier this would have 
been impossible, and Watt owed much to the great iron 
master John Wilkinson, the inventor of the cylinder- 
boring machine, whose works for many years supplied 
the firm of Boulton & Watt with all heavy castings. 

Watt was not less fortunate in having as his financial 
backers and associates two of the most prominent busi- 
nessmen and manufacturers of his time. The first of 
them was Dr. John Roebuck, the part-owner and mana- 
ger of the Carron Iron Works, near Linlithgow, Scotland, 
who needed an efficient pumping engine to keep in opera- 
tion his flooded coal mines. He paid Watt £1000, 
undertook to finance further experiments and the manu- 
facture of his engines, and provided the means for ob- 
taining a patent. On his way to London to apply for a 
patent, Watt visited in Birmingham Matthew Boulton, 
a wealthy manufacturer of buckles and brass buttons, 
which in the 18th century were generally worn and were 
in great demand, of silver-and gold-plated ware and orna- 
mental iron and bronze work. His factory at Soho, 
near Birmingham, was famous the world over for its 
modern equipment and exemplary organization, and its 
owner was so highly esteemed that the Empress of Russia, 
Catherine the Great, while traveling in England, in- 
spected the factory and stayed for several days at Boul- 
ton’s house. Boulton was mildly interested in Watt’s 
invention. Soho was suffering in summer from a lack 
of water to drive its water-wheel, and Boulton had 
thought of installing a pumping engine for raising the 
water from the mill stream and returning it back into the 
mill pond. He had sought the advice in this matter of 
Benjamin Franklin who was at that time in England on 
a diplomatic mission for the Assembly of Pennsylvania, 
and had been in correspondence with that great American. 

The modest young inventor from the backwoods was 
deeply impressed by the grand manner of the magnificent 
merchant prince who, in a general way, expressed his will- 
ingness to acquire a share in the patent. On his return to 
Glasgow Watt wrote Roebuck about his interview with 
Boulton, trying to impress upon him the advantages of 
this prominent man’s collaboration. At the same time 
one more experimental engine, with a cylinder of 18-in. 
diameter and 60-in. stroke, cast of block-tin, was built 
at the Carron Iron Works but it was unsuccessful. De- 
spite Roebuck’s urgings, Watt did practically nothing to 
make the necessary changes and adjustments, and for 
several years neglected his invention completely. 

He knew evidently that Dr. Roebuck had suffered 
severe losses and that he was heavily in debt. He might 
have feared that in case of bankruptcy a successful in- 
vention might fall in the hands of the creditors and he 
might be the loser. Meanwhile Watt remained in touch 
with Boulton, trying to keep awake his interest in the 
steam engine, and when Roebuck, in 1772, became in- 
solvent, he received from Boulton power of attorney to 
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obtain for him Roebuck’s share in the invention. The 
creditors, believing the patent perfectly worthless, were 
only too eager to accept Boulton’s offer to waive a claim for 
£1200 he had against Roebuck in exchange for this share. 

Watt’s long cherished ambition to become associated 
with Boulton was now fullfilled. In 1775 he moved to 
Birmingham to become a partner in the newly estab- 
lished firm of Boulton & Watt, Engineers, in which Watt 
had an one-third interest and had charge of design, de- 
velopment and installation of the engines. Boulton 
furnished not only the considerable financial means to 
start the manufacture of the steam engine, but also his 
exceptional organizing and commercial ability, without 
which the undertaking would probably have failed. Be- 
fore the business became profitable he had sunk into it 
the sum of £40,000. 

Boulton had from the very beginning of his connec- 
tion with Watt grasped the enormous possibilities of his 
invention as a source of industrial power and he urged, 
therefore, the development of a rotative engine for indus- 
trial purposes. Watt, who did not possess his partner’s 
broad vision, insisted that the outlook for further indus- 
trial expansion held so little promise, that it did not jus- 
tify the expenses and trouble involved in the develop- 
ment of a rotative engine. 

As late as 1782, when the rotative engine was already 
patented, Watt wrote to Boulton who was away on a 
business trip: 

“If you come home by way of Manchester, please not 
to seek for orders for cotton mill engines, because I hear 
there are so many mills erected on powerful streams in 
the North of England, that the trade must soon be over- 
done and consequently our labor may be lost.”’ 

When Watt began to develop the rotative engine he 
found to his consternation that the simplest method of 
transforming reciprocating motion into a rotative one, 
the crank and fly-wheel, had been anticipated by John 
Wasbrough and that this device had been patented. It 
was Watt’s contention that he had worked on this idea 
and that it had been betrayed by one of his workmen. 
He has never been able to substantiate this claim which 
is probably unfounded. To circumvent the use of the 
crank, he patented in 1781, five different methods for 
rotative motion, though only one of them, the sun- and 
planet-motion, suggested by William Murdock, one of 
Watt’s foremen, was ever used. 





Watt’s double-acting rotative engine 
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By 1785 the business of Boulton & Watt had become 
profitable and the period of their financial worries was 
over. At about the same time the development of the 
steam engine in its main aspects was finished, and later 
on only minor improvements and changes in the design 
of some parts were necessary. When Watt retired from 
business in 1800, his engine contained most of the essential 
features of the modern reciprocating steam engine, though 
in general arrangement it still retained a striking family 
semblance with its ancestor, Newcomen’s fire engine. 

The boiler being a basic element of any steam power in- 
stallation, one should expect that Watt had contributed 
to its development, and it is, at first sight, somewhat 
surprising to find that he did nothing of the kind.' 

The boilers used with the first engines manufactured 
by Boulton & Watt were of the beehive or haystack type, 
which had been in common use with the fire engine, and 
which were an adaptation of the brewing pan. These 
boilers had a cylindrical or slightly conical body, a hemi- 
spherical top, a bottom dished upward, were equipped 
with manhole and safety-valve, and were, as a rule, made 
of copper. 

Among Boulton & Watt’s first customers were the 
Cornish copper mines, and the Cornish engineers pre- 
ferred horizontal boilers with internal flues; they were 
superior to the haystack type, and were adopted by 
Boulton & Watt for most of their later installations. 
Watt himself has disclaimed any credit for the invention 
of the Cornish boiler, which has been ascribed to him, 
stating that, 

“the conveying of flame through flues in the inside 
of the water had been practiced by others before my 
time and was common in the Cornish engines. The in- 
ventor is unknown, but a person of the name of Swaine 
was a great propagator of the practice.” 

He added that he, Watt, had ‘“‘somewhat improved the 
form and adjusted the proportions’ of the Cornish 
boiler. These boilers had a flat bottom and flat sides, 
tied with stays, a curved top and one or two flues of 
round, elliptic or rectangular section. The boilers and 
flues were made of copper or iron. Their principal di- 
mensions varied widely, though a boiler 19 ft long X 
S ft wide X 8 ft high, with two flues of 22-in. diameter, 
seems to have been used frequently. 

Boilers furnished around 1790 were equipped with a 
dome, or “‘water trap.” From the beginning there were 
difficulties in preventing Loiling over and priming. 
Soulton & Watt published in 1779 a book of ‘‘Directions 
of Erecting and Working of the Newly-Invented Steam 
Engines,” which says that the feed pipe is to be fitted 
with a valve ‘‘to prevent the water ever being forced up 
through the steam.’’ The water trap served also the 
purpose of increasing the steam space, as in many cases 
the boilers proved too small for the engine. In calcu- 
lating the necessary heating surface Watt used at differ- 
ent times different ratios of heating surface to evapora- 
tion. In Cornish boilers this ratio varied from 9 to 10'/2 
sq ft of heating surface per cubic foot of water to be 
evaporated per hour. The figure which for some time 
was adopted by him as standard was 8 sq ft of heating 
surface per cubic foot of water evaporated per hour. 





_) See H. W. Dickinson and Rhys Jenkins, James Watt and the Steam En- 
sine.—the Memorial Volume prepared for the Committee on the Watt Cen- 
tenary Commemoration at Birmingham, 1919; Oxford, 1927. The data con- 
cerning the boilers in Watt’s time are based on the study by the authors of the 


original business records of Boulton & Watt which, after the dissolution of the 
rm in 1850, were carefully preserved. 
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Watt’s wagon 
boiler 


The furnace was built 
so that the gases swept 
the bottom sheet to the 
back and returned to 
the front through a 
side flue, then crossed 
to the opposite side 
and to the chimney 
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Early Boilers of Copper 


Boulton & Watt preferred, and for good reason, copper 
as material for boilers. The first cost of a copper boiler 
was, of course, higher but the old boiler could still be sold 
at a good price. In 1777 a London coppersmith charged 
14 pence per pound for new boilers, but gave 71/2 pence 
for old ones. Iron boilers cost, at the same time, £40 
per ton, so that, allowing for the smaller dimensions and 
weight of the copper boiler of the same capacity, and for 
the fact that the latter would last much longer than the 
iron boiler, a copper boiler was the better investment. 

The iron plates obtainable at the time Boulton & 
Watt started their business (1775), were not rolled but 
hammered out and, when made of English iron, were of 
very low quality. It might be mentioned that the Brit- 
ish iron industry in the first half of the eighteenth cen- 
tury produced not more than one quarter of the total 
consumption of the metal, on account of the scarcity of 
charcoal for smelting, and that the balance was imported 
from Sweden and Russia. A process for using coke for 
smelting iron ore’ was invented in 1735, and half a cen- 
tury later the puddling process. These inventions re- 
sulted in a vigorous development of the British iron in- 
dustry, but the quality of its products was so low, that 
Watt used to insist upon forgings made from ‘‘Russian 
slabs.’’ The largest hammered iron plates were 36 X 
21 X 1/s in. thick, or 26 X 21 X 1/,in. thick. In 1779 
rolled plates of larger dimensions, but of very low quality, 
were obtainable, so that many customers continued to 
demand hammered plates as being of better quality. As 
late as 1786 Boulton wrote about some iron plates 
furnished by a certain iron master: “‘they will not bend 
even hot, they being made of his own bad iron.” 

The transportation of a finished boiler was in most 
cases out of the question, and the plates had to be put 
together in the field by local smiths. The above-men- 
tioned book of ‘‘Directions’’ contains detailed instruc- 
tions to this effect, one of which might be quoted: ‘“‘All 
the joints should be wetted with a solution of sal-ar- 
moniac in water, or rather, in urine, which by rusting 
them will help to make them steam-tight.’’ The rivet- 
holes were punched by hand on the spot, one inch from 
the edge of the plate and spaced two inches. The rivets 
were also forged in the field and it was regarded as good 


practice to make them twice the thickness of the plates 
they were to hold together. 
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The boilers were fed by gravity from a vertical pipe, 
supplied from the hot water pump. The feed pipe had 
to extend 7 ft above the water level in the boiler to over- 
come the steam pressure, and the regulation of the flow 
was done by a cock in the pipe. Watt had invented a 
glass water gage, but as it was difficult to obtain reliable 
glass tubes, he continued to use gage cocks. Another of 
his inventions was a mercury manometer of the barome- 
ter type. The ‘Directions’ prescribe that a pressure 
sufficient to support a column of mercury 1 to 2 in. high 
should be sustained; higher pressures would tend to 
open the joints and to cause steam leakages, and they 
“do not serve any good purpose.” 

By 1790 boiler making had become a separate indus- 
try, and Boulton & Watt found it convenient to order 
their boilers outside, usually paying 36 shillings per cwt 
and reselling them at 42 shillings per cwt. 

The primitive state of the art of boiler making and the 
low quality of the materials available explain sufficiently 
Watt’s reluctance to abandon the established routine in 
boiler design. Any such attempt, as, for instance, the 
introduction of higher pressures, would have been under 
existing conditions a hopeless undertaking. Nearly a 
century of technological progress was necessary before any 
bold departure from the accepted practice of boiler design 
could be introduced with reasonable chance of success. 

A more promising field was the improvement of the 
existing furnaces, and Watt patented in 1795 a smokeless 
furnace. While he was full of ideas, these ideas were not 
necessarily always his own. In this case he had made 
use of a suggestion by Benjamin Franklin to Boulton in 
a letter written in 1766. This letter is so remarkable for 
its writer’s clear understanding of the problem that it is 
worth quoting: 

“TI would only repeat to you the hint I gave of fixing 
your grate in such a manner as to burn all your smoke. 
I think a great deal of fuel will then be saved, for two 
reasons. One, that smoke is fuel, and is wasted when it 
escapes uninflamed. The other, that it forms a sooty 
crust on the bottom of the boiler, which crust not being a 
good conductor of heat, and preventing flame and hot 
air coming into immediate contact with the vessel, lessens 
their effect in giving heat to water. All that is neces- 
sary is to make the smoke of fresh coals pass descending 
through those that are already thoroughly ignited. . .” 
Watt’s smokeless furnace was tried out in Soho with 
good results, but seems to have been later neglected. 

While the development of the steam engine is Watt’s 
principal and generally recognized achievement, another 
hardly less important contribution to human progress 
has been made by him. He demonstrated the impor- 
tance of science and of scientific methods in the solution 
of technological problems. The influence of Watt, who 
might be called the first Mechanical Engineer in the 
modern sense of the word, upon the further development 
of engineering and scientific research cannot be overesti- 
mated. He was endowed with the inquisitive mind, the 
thirst for exact knowledge and the critical sense of the 
true scientist, and he possessed, a rare combination, the 
gift of intuition, as well as a capacity for painstaking 
attention to the minutest details. 

The way in which he solved the paradox of New- 
comen’s engine which, for efficient operation, required 
that its cylinder should be hot and cold at the same time, 
gives an interesting glimpse of Watt’s mind in action. 
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The idea of the condenser came to him in a flash of intui- 
tion, but this flash had been preceded and was followed 
by years of patient experimentation and study of the 
then available literature on the properties of steam. To 
appreciate duly Watt’s feat we must remember that at 
that time the science of thermodynamics was not yet 
born and that Stahl’s abstruse theory of combustion, 
according to which during combustion a body, called 
phlogiston, is liberated by the burning body, was then 
generally accepted. Watt had to determine experiment- 
ally such basic data as, for instance, the volume of steam 
generated from a given quantity of water; the quantity 
of water evaporated by a pound of coal; the steam pres- 
sures corresponding to different temperatures of steam. 


Wait’s Education and Associations 


Watt’s formal education had been limited to attending 
grammar school. After a brief apprenticeship he be- 
came, at the age of twenty-one, instrument-maker to the 
department of natural philosophy, as physics was then 
called, at the University of Glasgow. The head of the 
department was Dr. Joseph Black, famous as the dis- 
coverer of latent heat and carbon dioxide. The frequent 
contacts with this prominent scientist who took a warm 
interest in Watt, and with other members of the faculty, 
among them Dr. Adam Smith, of Wealth of Nations fame, 
and the access to the university library offered Watt 
a splendid opportunity to acquire a thorough knowledge 
in a wide variety of scientific subjects. This enabled 
him, in the later years, to move as an equal in the dis- 
tinguished circle which gathered around Boulton, and 
men, like Sir Walter Scott, have expressed their admira- 
tion for his great intellectual versatility and gift for bril- 
liant conversation. 

Watt’s human weaknesses and shortcomings cannot 
detract from his greatness as an inventive genius of the 
first order. Nor can the fact that any great invention is 
not so much the creation of the individual inventor, as 
an organic growth, the product of collective effort, lower 
our high estimate of Watt’s great achievement: of having 
transformed Newcomen’s wasteful pumping engine into 
a versatile, efficient and economical source of power. 
The steam engine was the offspring rather than the parent 
of the Industrial Revolution; but the advent of the 
machine age, the locomotive, the mechanically propelled 
ship and the development of heavy industry, the industry 
to make the raw materials and the machines to make 
machines, all this is unthinkable without steam power. 

Watt and his contemporaries did not grasp the impli- 
cations, nor could they have foreseen the tremendous, 
all-pervading sociological consequences of his inventions. 
Power was a new, unprecedented factor in human history 
and has deeply influenced its course. The steam engine 
has set in motion forces which man has not yet learned to 
control, and the world crisis of our days might, in the last 
analysis, be traced back to the shifts and stresses caused 
by its impact in the social-economic structure of Western 
civilization. 
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Tests with Air 


In model testing with air precise mea- 
surements are possible, the testing equip- 
ment can be made relatively simple, and 
the observers may work directly with ex- 
posed jets without personal danger. How- 
ever, the fact that all conditions of 
mechanical similarity cannot always be 
satisfied makes necessary the application 
of knowledge based on experience. As 
to the two methods of determining velocity 
coefficients, namely, the reaction test and 
the impact traverse test, the author ex- 
plains the limitations of the former and 
shows how the latter is better adapted for 
accurate determinations over the entire 
range of velocity ratio. 


HE reaction turbine, or more properly, the fifty 

per cent reaction turbine, since the enthalpy change 

per stage is divided equally between the stationary 
and moving elements, consists of a number of rows of 
blades of varying height mounted on a drum or disks 
of varying diameter rotating within a cone containing a 
like number of rows of stationary blades. In this type 
of turbine, blades of identical cross-section are used in 
the stationary and moving rows and for this reason it is 
frequently called a turbine with symmetrical stages. 
Fig. 1 shows clearly the type of machine considered 
in this article. ° 

The symmetrical stage lends itself quite readily to 
analysis. The problem here considered is: Given a 
reaction stage of specific physical dimensions, the rota- 
tional speed and the enthalpy change'—what is the in- 
ternal work of the stage per pound of motive fluid? Of 
course, the converse of this problem involving design of 
the stage may be similarly treated, but this discussion 
will be restricted to the performance of a given stage. 

First consider the turbine operating on steam. With 
a fixed amount of energy available to the given stage, 
determined by the enthalpy change from the initial state 
point of the steam on the Mollier diagram to the pressure 
at inlet to the succeeding stage, there are but two places 
that the heat released in the expansion may appear: 
(1) as mechanical work on the blading; (2) as reheat in 





.. } The use of the expression enthalpy change for heat drop at constant 
entropy is now quite general and hence will be adopted here. 
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the steam at the constant back pressure of the stage. 
The ratio of the mechanical work done on the blading to 
the enthalpy change is called stage efficiency and it is, 
of course, desirable to have this ratio as near unity as 
possible. The discussion of this point may be facilitated 
by introducing the concept of the condition curve (see 
Fig. 2). 

The condition curve may be defined as the locus on 
the Mollier diagram of the state points of the steam at 
entrance to each of the stages in the turbine. Referring 
now to Fig. 2, it is clear that the slope of the portion of 
the condition curve representing a given stage is a mea- 
sure of the efficiency of that stage. A condition curve 
parallel to the axis of entropy represents a perfect 
throttling, whereas one parallel to the axis of enthalpy 
represents a perfect conversion of heat to mechanical 
energy. These are, of course, limiting cases, neither of 
which ever actually occurs, but they help to clarify the 
picture. 

The relationships between stage efficiency and various 
other terms may be expressed quite simply for the sym- 
metrical stage. The conventional velocity triangles, 
shown in Fig. 3, are congruent. The following symbols 
and notation which have become fairly well standardized 
in this work are used here: 


Cy = Velocity equivalent of stage enthalpy change 
Cu, Cu, etc. = Theoretical velocities 


Ci, Co, Um, etc. = Actual velocities 
a = Efflux angle 
8 = Angle of relative velocity 


Actual velocity ratio = 


Ci 
u 
vo = Theoretical velocity ratio = c V2 
0 
6 = Mean cone angle of blading 
g = Blade velocity coefficient 
n = Stage efficiency 
H = Enthalpy change in the stage considered 
W = Work done per pound of fluid on the blades in the 


stage considered 
Any other symbols introduced will be explained. 


By definition 7 = 4 (1) 
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Fig. 1—Reaction turbine with symmetrical stages 
a. Longitudinal section through spindle and cylinder 
b. Cross-section of blades in two adjacent stages 
Fig. 4 shows a portion of the blade annulus and the tan \ = sin @ tan 6 (3) 


orientation of the velocity vectors with respect to the 
exit edge of the blade. Equating the impulse given the 
blades to the change in momentum of the fluid stream 
yields 


= ™ (2C; cos \ coS @ — Um) (2) 
where 7 is the torque per unit weight of fluid flowing 
per second and 7,, is the mean radius of the stage.’ 
The angle ) is generally unknown, but may be expressed 
in terms of the efflux angle a and cone angle 6. Thus 
from Fig. 4 
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Fig. 2—Condition curve on Mollier diagram for a 
multistage turbine 
2 Equation (2) is strictly correct only when the ratio of blade height to mean 


diameter of the stage (h/M.D.) approaches zero. The use of symmetrical 
stages is arbitrarily limited to that portion of the blade path where h/M.D. 
py In this region the work expressions used in this paper are sufficiently 


ouaaniin for nearly all purposes. Where values of h/M.D. exceed 0.2 special 


blades of non-uniform cross-section are used. 
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The expression for work done on the blades per pound 
of fluid may therefore be written 


2C, cos a 


To = Um) 


W 
g \ V1+sin? a y tan? 6 


~ me A) 
For use in expressions to be derived later it is conveni- 
ent to define a quantity ¢, called diagram ratio, as fol- 


lows: 


, —— ; 
and since by definition c = y, the actual velocity ratio 


ar 


It is clear from (5) that ¢ is a function of v only for a given 
group of blading. 

In the foregoing expressions the work recovery has 
been derived from the actual momenta of the fluid leav- 
ing the blade passages. In calculating performance, 
however, only theoretical quantities are known. There 
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Fig. 3—Velocity triangles for symmetrical stage 


must be established experimentally, a factor connecting 
the actual and theoretical cases, and expressing the 
fundamental losses associated with the flow of fluid 
through the blades. This factor is called velocity co- 
efficient and is defined as the ratio of actual mean mo- 
mentum per unit mass to theoretical momentum pet 
unit mass for a given passage. It is usually designated 


by ¢. 
Introducing the velocity coefficient, 


Ci = ¢Cn = ¢ & + C,? (6) 


January 1936—C OMBUSTION 








Solving for C,? 


cs 


C? 
2-9) a ” 
wes a (7) 


\* 
Also from the velocity triangles in Fig. 3 it is clear from 
the law of cosines that 


C,? cos*’ = C,?2 cos*\ + tm? — 2um C, cos cos a 
from which 


C. 
C 
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i) 


(8) 
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cos? \ 
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Substituting from (4), (5), (7), (8) and (3) in turn into 
expression (1) yields for stage, efficiency 


eC? 
& an ca C;* 


% ~ H 1 Co? a Co? C2 


- 1+ — , 1 + e(1 + sin? @ tan? 3) 
¢ 2 


cos? Ag 


(9) 


The stage efficiency at a given cone angle is thus ex- 
pressed as a function of actual velocity ratio only if the 
quantities g* and a are known. For a complete analysis 
there remains yet the relationship between the two 
velocity ratios. From Fig. 3 


C; cos \ sin @& 


sin @ 
tan 8B = = - = 
C; cos A COS @ — Um v 
cos a — 
cos A 
which when solved for v gives 

‘i sin @ 

csoa=- —— 
tan 8 


si 0 
y=cos \| cos a m4. ] = (10) 


tan 8 V1 + sin? @ tan? 6 
Substituting from expressions (7), (8) and (9) the theo- 
retical velocity ratio becomes 
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Having established eleven equations relating the 
variables involved in a consideration of the symmetrical 
stage, it is now possible to discuss the subject of stage 
efficiency from model tests profitably. First as to the 
need for model tests. The expense involved in the manu- 
facture and test of full size, experimental, steam-driven 
Stages is prohibitive. Furthermore, there is need for 
more detailed information than may be obtained by 
overall measurements of output and input. In experi- 
menting on models, using air as a testing medium the 
observers may work with instruments directly in exposed 
jets without personal danger. More precise measure- 
ments may be made with air and the design and con- 


struction of the test equipment is simpler. These 


reasons are more than adequate to justify model testing 
with air. 
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Fig. 4—Velocity direction for a blade mounted on 
cone with mean angle i 
Note—The angle a is the inclination of the plane of efflux with respect to 


the exit plane of the blades. The angle A is the deviation of the maximum 
velocity from a normal to the exit edge of the blade in the plane of efflux 


From equation (10) it is clear that the actual velocity 
ratio may be expressed in term of the cone angle and the 
angles from the velocity diagrams only. Also from equa- 
tion (9) the stage efficiency is determined for any case for 
which ¢* and a may be measured, the cone angle 4, 
of course, being known. Remembering also that the 
stage is symmetrical, it follows immediately that if a 
properly designed model of several blades from a single 
row be mounted statically in an air stream at angles of 
attack 8 and provision be made for measuring ¢” and a, 
the general problem of stage efficiency can be solved. 
Before going into the details of how this can be done it 
will be well to outline specifically the desired form for the 
final results, and keep this picture always in mind. 

For use in calculating the work delivered by a group of 
symmetrical stages operating at various steam flows the 
test results of interest are: the maximum value of stage 
efficiency and a curve showing the percentage decrease in 
stage efficiency as a function of theoretical velocity ratio. 
Such a curve is shown in Fig. 5. The maximum efficiency 
occurs at a velocity ratio corresponding to the flow with 
least energy dissipation around the given blade sectiou 
The most nearly perfect flow conditions for an annular 
grid with foils of the type herein considered are attained 
when the fluid enters without shock or with slight nega- 
tive shock. The meaning of the term shock is made 
clear by Fig. 6 which shows the orientation of the fluid 
at inlet to a given blade section at low, normal and high 
velocity ratios. 

There are, in general, two well known methods of de- 
termining the velocity coefficient ¢ statically, namely, 
the impact traverse test, and the reaction test. Each 
method has some advantages, but because of a limita- 
tion which will later be explained, the reaction test is 
found inadequate. The impact test will, therefore, be 
considered as the means of obtaining the velocity coeffi- 
cient. 

Suppose, for example, that a model blade pack with 
three or more passages be mounted so that air enters at 
an angle 8 as shown on Fig. 7. The geometrical inlet 
angle of the blade is o which leaves a large positive shock 
angle + so that the condition represented simulates a 
very low velocity ratio. With an impact tube (usually 
called Pitot tube) small in proportion to the blade 
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Fig. 5—Variation in efficiency of symmetrical stage 
with theoretical velocity ratio 


passage dimensions, velocity profiles may be obtained 
for the center passage at various positions along its 
height. The possibility of establishing velocity profiles 
rests on the assumption that compression at the muzzle 
of the impact tube is isentropic. Because of so-called 
compression shock losses this assumption becomes in- 
valid for supersonic velocities, but for the range of condi- 
tions encountered in a consideration of symmetrical 
stages, it is very probable that the compression 7s isen- 
tropic. A discussion of the type of apparatus and tech- 
nique employed in obtaining accurate velocity traverses 
of passages as small as those considered here would be a 
separate article in itself, but it is sufficient to say that 
equipment has been made for controlling and measuring 
the position of the impact tube in space accurate to with- 
in 1/190 of an inch. Using this equipment, it is possible 
to obtain data for constructing a diagram similar to Fig. 
8 by measuring the variation in impact pressure across 
the passage for a flow with the supply pressure P held 
constant. This diagram represents the conditions pre- 
vailing in a plane at a known position along the passage 
height. Similar diagrams may be obtained at other 
heights. Using a planimeter, the diagrams for the 
passage may be integrated tangentially and radially. 
It is only necessary to obtain the quotient 


x2 ve 
f f C? dx dy 
x2 ye 
Cu { ji C dx dy 
x1 vn 


which expressed in words is the ratio of actual mean 
momentum per unit mass® to theoretical momentum per 
unit mass or just the velocity coefficient y of the passage. 

It will be observed that in model testing at conditions 





3 The effect of density variation in the plane of efflux is negligible. 
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corresponding to a low velocity ratio, the velocity at 
inlet to the test pack is high. A considerable part of the 
energy release occurs in the entrance passage and is 
therefore affected by the coefficient of this passage. It is 
clear, therefore, that any method of arriving at a co- 
efficient for the blades alone which depends upon mea- 
surements made on the whole pack must be in error by an 
amount depending upon the coefficient of the entrance 
passage and the percentage of the stage drop occurring 
therein. This is the reason why a reaction test for the 
determination of the blade velocity coefficients is in- 
adequate except for a very limited range of velocity 
ratios. The following paragraph will amplify this point. 

In a reaction tester, the blade pack and entrance pas- 
sage are mounted so that the force resulting from the es- 
cape of a measured mass of fluid per second may be de- 
termined in magnitude and direction. The quotient of 
the force by the mass flow per second gives directly the 
mean actual velocity of escape. Initial pressure and 
temperature readings establish the theoretical velocity 
of escape and the ratio of actual to theoretical efflux 
velocity is the velocity coefficient. Since, however, 
these results are an average for the whole model pack 
they contain the characteristics of the entrance passage 
which at the lower velocity ratios is sufficient to com- 
pletely vitiate the results. From the commercial and 
economic standpoint the region of low velocity ratios is 
the interesting part of the stage efficiency diagram since 
the lower the velocity ratio commensurate with the de- 
sired efficiency, the fewer the number of stages necessary 
to absorb a given enthalpy change. The need for a more 
general method of measurement of velocity coefficient 
accurate over the entire operating range of velocity ratio 
is thus a very real one. The solution is provided by the 
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Fig. 6—Static attack angles associated with 
various velocity ratios 
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Fig. 7—Elevation of model arranged for impact test 


impact traverse test already described. That the ac- 
curacy of this type of test is not impaired by conditions 
in the approach passage will now be made clear. 

When a passage flows full, without loss of fluid contact 
with the walls, the only energy loss is friction in the 
boundary layer of fluid adjacent to the passage wall. 
The characteristic turbulent velocity distribution for an 
approach passage of the type used in model tests of re- 
action blades is shown in Fig. 7. Across more than 90 
per cent of the width, the velocity is quite uniform and 
equal to the theoretical maximum. Surrounding this 
core of uniform velocity is a thin shell in which the 
velocity drops sharply to zero at the passage wall. This 
thin shell is known as the boundary layer, and it is the 
stability of this layer that dictates whether the flow in an 
entire passage shall be relatively efficient or inefficient. 

In a case of flow accompanied by a falling pressure, as 
in a nozzle, the pressure gradient in the boundary layer 
provides the motivating force on the fluid particles to 
overcome the friction drag of the wall and there is no 
tendency toward stagnation. The viscous drag trans- 
mitted from the more rapidly moving particles in the 
center is in the same direction as the pressure drop. The 
boundary layer is then thin and stable, and there is no 
tendency for the flow to leave the wall. In a case of 
flow accompanied by a rising pressure, as in a diffuser, 
there is no motivating force in the boundary layer in the 
direction of flow other than that transmitted by viscous 
drag from the main body of the stream. Wall friction 
brings the outside layer of particles to rest and a local 
reverse pressure gradient is established. This reverse 
pressure gradient forms a couple with the viscous drag 
forces transmitted to the particles in the boundary 
layer from the main body of the stream. The boundary 
layer becomes unstable and leaves the wall. Vortices 
are formed diverting primary energy of the stream into 
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Fig. 8—Traverse record for reaction blade pack 
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secondary flows. These conditions are, of course, de- 
structive to the velocity distribution intended. 

The approach passages for the model tests are de- 
signed to avoid a loss of contact with a flow accom- 
panied by a falling pressure. For approach angles cor- 
responding to any velocity ratio, it is certain, therefore, 
that the center passage of the model blade pack is un- 
affected by any losses associated with the entrance condi- 
tions. A traverse test of the center passage therefore 
measures only losses associated with the flow in the blade 
and hence yields a true measurement of the blade velocity 
coefficient. 

It has been pointed out that a measurement of the 
efflux angle a is also a necessary part of the static test. 
One very simple and fairly accurate way of doing this is 
to align, by eye, a straight edge held in a bevel protrac- 
tor with a fine silk thread, connected to a small, thin rod 
and held in the jet. The edge of the protractor is held 
parallel to the exit plane of the blades, and the angle 
may be read directly. Small, light metal vanes of vari- 
ous shapes, supported on a tightly stretched piano wire 
in the jet have been used in place of the thread, but with- 
out marked success. The chief difficulty with a method 
of this kind is that the indicator flutters to a certain ex- 
tent, and it is not possible to accurately align a measuring 
device with it. 

An alternative, though rather elaborate, method for 
efflux angle determination is the two-component balance. 
The test pack is mounted in a frame containing two inde- 
pendent balances at right angles. Means must be pro- 
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Fig. 9—Mechanically similar flows 


vided for supplying air to the pack without exerting any 
forces on the balances. If this can be done satisfactorily, 
the balances will indicate only the two components of 
force resulting from the escape of the jet. The efflux 
angle a follows immediately from the tangent relation- 
ship. As may be easily guessed, the difficulty in this 
method lies in conducting air to the pack without exerting 
forces on the balances. A fairly satisfactory way of 
doing this has been devised, and using the necessary 
calibrations, angle measurements accurate to within 
about 0.5 deg may be obtained. Comparatively large 
errors in the efflux angle scarcely affect the stage efficiency 
n, but they do affect the velocity ratio v, and the possible 
error increases with the deviation of the velocity ratio 
from the peak point of the diagram. It is freely ad- 
mitted that up to the present time the measurement of 
the angle a is performed with considerably less finesse 
than characterizes the measurement of the velocity co- 
efficient ». On the other hand, tests of the kind described 
afford the only means of direct measurement of the efflux 
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angle. Turbine tests can yield this quantity only in- 
directly with certain assumptions, and the results must 
then also be provisional. 

Methods of obtaining velocity coefficient and efflux 
angle from blades statically mounted in an air stream at 
given angles of attack have now been discussed and, as 
has been shown, these quantities are sufficient for a gen- 
eral evaluation of stage efficiency. One important ques- 
tion remains: What constitutes a properly designed 
model? The answer to this involves a part of the general 
theory of mechanical similarity, but because passages of 
the same range of size are used in both air model and 
steam turbine the problem is greatly simplified. 

Fluid flows through passages or around obstructions 
are said to be mechanically similar when the configura- 
tions of the streamlines at corresponding points are 
similar. Similarity of the streamlines means that 
the direction of the velocity at corresponding points is 
the same. A classic example of mechanically similar 
flows is the case of the simple airfoils in Fig..9. When 
mechanical similarity exists, all dimensionless ratios, 
such as ¢, for model and prototype are interchangeable 
without correction. 

Obvious from the definition is the conclusion that me- 
chanical similarity presupposes geometrical similarity, 
since like streamline patterns around dissimilar bodies 
are impossible, but this condition though necessary is not 
sufficient. The ratio of forces on a fluid particle at a point 
determines velocity direction at that point. For me- 
chanical similarity then, the ratio of forces on fluid par- 
ticles at points similarly situated with respect to geo- 
metrically similar bodies must be the same. 

Restricting the field to the case of a medium with no 
free surfaces, the forces on the fluid particle to be con- 
sidered arise from inertia, viscosity and elasticity. 
Gravity is eliminated by aerostatic lift since the particle 
is a totally immersed body. Ina study of the flow of com- 
pressible fluids such as air or steam, elastic forces must be 
considered only when pressure differences are great 
enough to cause appreciable change in density. The ve- 
locities associated with appreciable density changes are 
quite high (near sound velocity) and it may be safely 
stated that elastic forces have only a minor influence on 
the streamline pattern for the range of flow conditions 
encountered in the symmetrical stage. 

There remains then only the influences of inertia and 
viscosity, and the shape of the streamlines in a particular 
case will depend principally upon the ratio of inertia 
forces to viscosity forces. This ratio called “‘Reynolds 
Number,” in honor of the English scientist who first 
announced its significance, is a dimensionless quantity 
which may be expressed in terms of a characteristic 
length, a characteristic velocity and the kinematic 
viscosity of the fluid. Thus in Fig. 7 the Reynolds 
Number for the flow through the blade pack is R = 
Col/K where K is the kinematic viscosity of the fluid 
at the blade exit. Kinematic viscosity is simply absolute 
viscosity, i.e., the shearing force per unit area per unit 
velocity gradient, divided by the mass density. In the 
case of the reaction blades it would be permissible to use 
a dimension other than ‘“‘l’’ for the characteristic length 
and a velocity other than Co, for the characteristic veloc- 
ity and hence obtain some other number that could be 
compared with another case similarly treated, but the 
use of these quantities has become customary. 
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In symmetrical stages, equality in the Reynolds Num- 
bers for several cases of fluid flow through geometrically 
similar passages indicates mechanical similarity. Equal- 
ity in the Reynolds numbers gives assurance that di- 
mensionless ratios pertaining to the several cases are the 
same. Inequality in the Reynolds numbers, however, 
does not necessarily mean that mechanical similarity 
does not exist. There are any number of instances where 
the streamline pattern throughout a wide range of 
Reynolds numbers is practically unchanged. It is, 
therefore, not only necessary to know the law on which 
similarity depends but also how it depends upon that 
particular law. For some of the stage efficiency studies 
it is possible to test the model at a Reynolds number 
differing widely from that for the prototype and yet draw 
accurate conclusions. This is the main reason why 
model tests are so universally applicable in this range of 
flow conditions. 

With tests at velocity ratios differing widely from that 
for which the section was designed the flow in the blade 
passage is highly disturbed by eddies at the ends resulting 
from a loss of fluid contact. Under these conditions the 
velocity coefficient is particularly sensitive to small de- 
viations from geometrical similarity. This point must 
be borne in mind in comparing results, especially those 
obtained at low velocity ratios. 

Model construction and testing, in general, involves 
a compromise. It is an unusual case where all the condi- 
tions prerequisite to mechanical similarity can be satis- 
fied. The need arises for a decision, therefore, in almost 
every case, as to what is the dominant factor in establish- 
ing mechanical similarity. Extended experience alone 
furnishes the knowledge necessary in deciding wisely. 
Model tests may be made quickly, accurately and in- 
expensively, but in conclusion it seems appropriate to 
add that a background of many observations is not a 
small factor in obtaining reliable results. 





Robert H. Wyld has recently become associated with 
Burns & Roe, power plant consultants at 233 Broadway, 
New York. Previous to this connection Mr. Wyld 
was for a number of years with the Foster-Wheeler 
Corporation. 





Earle W. McMullen has been made Director of Re- 
search of the Eagle-Picher Company, succeeding Dr. 
John A. Shaeffer who resigned to become president of 
Franklin and Marshall College. 


J. E. N. Hume, formerly Assistant Manager of the 
General Electric Company’s industrial department, has 
been appointed manager of that department, succeeding 
the late W. W. Miller. 


Alton Kirkpatrick, for a number of years with Albert 
C. Wood, well known consulting engineer of Phila- 
delphia has joined the latter under the firm name of 
Wood & Kirkpatrick with offices at 1411 Walnut Street, 
Philadelphia, Pa. 


W. E. S. Dyer, formerly consulting engineer of 
Philadelphia and more recently President of the Edge 
Moor Iron Company, has opened a consulting engi- 
neering office in New York. 
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Effect of Type of Surface on 


Radiation Loss from Furnaces 


By B. J. CROSS 


Combustion Engineering Company Inc. 


HE so-called radiation loss from furnaces involves all 

three of the modes of heat transfer. The flames and 

incandescent surface of the fuel bed radiate heat to 
the inner furnace walls; this heat flows through the walls 
by conduction and is lost from the outer surfaces by 
radiation and convection. In order that there may be a 
flow of heat, temperature differences must, of course, 
exist. The temperature of the furnace must be higher 
than that of the inner furnace walls; there must be a 
temperature drop across the refractories of the wall and 
the outer surfaces of the furnace walls must be at a 
higher temperature than the surrounding air and its 
inclosing surfaces. In a condition of equilibrium the 
quantity of heat flowing through the various sections of 
the path is constant and the temperature drops along 
the path of flow are fixed by the conditions for the par- 
ticular mode of heat transfer involved. The expressions 
equating this constant amount of heat over the different 
portions of its path would be as follows, unit area and 
unit time being assumed. 


KE, (T;4 — Ty‘) = 5 (te —t) = KE: (T,4 — T,4) + C(t, —t)% 


Where, K = Radiation constant 
T; and tt = Temperature in furnace 
Ty and t, = Temperature of inside furnace wall 
T, and t, = Temperature of outside furnace wall 
T, and t, = Temperature of room 


FE, and E, = Emissivity factors 

C = Convection constant 

k = Conductivity of wall material 

l = Thickness of wall material—inches 


Fahrenheit scale temperatures are indicated by ¢ and 
absolute temperature (°F + 460) by 7. 


The diagram of Fig. 1 shows a typical temperature 
gradient over the path of flow represented by these 
equations. 

The furnace temperature 4; may be considered to be 
fixed by conditions for efficient operation of the furnace. 
[t can be reduced by admitting a higher percentage of 
excess air than that required for efficient combustion 
though this is usually undesirable. It can also be 
lowered by increasing the useful absorption of heat in the 
furnace as by installing water-cooled walls connected 
into the boiler circulation. 

The transfer of heat from the flame to the furnace 
walls is almost entirely by radiation and is proportional 
to the difference between the fourth powers of the abso- 
lute temperatures of the flame and the wall. The usual 
form of the Stephan-Boltzman law expresses this relation 


as 
ek T; \* Tw \4 
Q = 70 [ (sao) (sox) | Ei 


COMBUSTION—dJanuary 1936 


A brief discussion of the absorption of 
heat by furnace walls, its transfer through 
the wall by conduction and its dissipation 


by radiation and convection. Basic 


formulas and curves for determining the 
heat loss are included and the effect of 
different emissivity factors for various 


surfaces is commented upon. 


Where Q is the heat transmitted in Btu per sq ft per hr. 
This may be written 


T; 4 na 04 
= 172 ooneon — 172 —— 
Q/E 1720 ( 95) 1720( 5%) 


Therefore, if we evaluate the expression Q/E = 1720 
4 
(a ) for each value of 7, the net transfer of heat may 


be determined by subtracting the lesser value from the 
greater and multiplying the difference by the value for 
emissivity, E. 


T \‘ 
. 9 : 7) —— 
The curve of Fig. 2 gives values for 1720 (a) 


plotted against temperature. A portion of this curve 
is shown in large scale. It will be seen that at usual 
furnace temperatures only a small temperature differ- 
ence is necessary to transmit heat at the rate of the order 
of losses through walls. A 5-deg temperature difference 
will account for a transfer rate of almost 1000 Btu 
per sq ft per hr. This holds for a clean wall only. 
Actually the wall may have a slag deposit and a greater 
temperature difference may exist for this transfer rate. 
The change in wall temperature, however, for a difference 
in heat transfer rate of less than 100 Btu will be negligible 
and for the purpose of this article, the temperature of 
the inside furnace wall will be considered as constant. 
The rate of heat transfer through the wall by conduc- 
tion is proportional to the conductivity of the material, 
to the temperature difference of the two sides and to the 
wall thickness. The conductivity is the amount of 
heat transferred through a unit area in unit time, for a 
one-degree temperature difference across a unit thick- 


ness, or 
Btu 


e= Sait x br X °F/in. 





Conductivity is a property of the material. Con- 
ductance, H, is a property of the wall or layer in a wall 
and is equal to conductivity divided by thickness in 
inches, or 


i = 


| 


When a wall is made up of different materials, the over- 
all conductance Hy of the wall may be determined from 
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Fig. 1—Diagram of temperature drops for 
refractory wall 


the individual conductances of the different layers by 


the relation: 
1 


1 l 1 
A Ss ae 3 


1 
Thermal resistance R is defined as =. The thermal 


a 
resistance for a composite wall is, therefore, equal to the 
sum of the thermal resistance of the parts; 


Ro=R+R+R; 


The quantity of heat transmitted through a wall, in 
Btu per square foot per hour is equal to the temperature 
difference times the conductance, or by the temperature 
difference divided by the thermal resistance. 





Ses cnees Fears 
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Fig. 2—Radiation rates—high temperature range. (En- 
larged section is that indicated by small triangle.) 
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The temperature gradient across a wall may, therefore, 
be represented by a straight line, as in Fig. 1, for either 
a solid wall of one material or for a wall made up of 
different materials. This line indicates the overall 
temperature drop but does not represent temperatures 
within the wall. 

The conductivity of refractories will vary over a con- 
siderable range. It is inversely proportional to porosity 
and will, therefore, vary with the age of the refractory 
as the porosity decreases. It also will vary directly with 
temperature. 

Fig. 5 gives a set of values of k for refractory firebrick, 
(Norton’s values) and for insulating firebrick, the latter 
values being taken from Technical Data on Fuel by 
H. M. Spiers. 

The loss of heat from the outer surface of a wall takes 
place by both radiation and convection. The transfer 
of heat by convection is proportional to the five-fourths 
power of the temperature difference between the surface 
and the room air. It is affected to some extent by the 
type of surface, being greater for smooth than for rough 
surfaces. It is also considerably affected by the position 
of the surface. It is greater for a horizontal surface 
facing upward than for a vertical surface, and greater for 
a vertical surface than for a horizontal surface facing 
downward. The expression for the heat lost by convec- 
tion is 

Q. = C X 0.82 (t, — t)*h 

Where Q, is in Btu per square foot per hour, C is a constant for 
position of surface and may be taken as 1 for vertical surfaces. 
For upward horizontal surfaces C may be 1.2 and for downward 
facing horizontal surfaces a value of 0.8 may be taken. A consider- 


able latitude for individual preference is permitted in the choice of 
values for this constant. 


The rate of heat transfer by radiation from the outer 
surface of a wall is evaluated from the Stephan-Boltzman 





Fig. 3—Radiation and convection losses from surface of 
wall to surroundings at 70 F. 
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law in the same manner as for the radiation from the 
flame to the inner surface of the wall. The value of E, 
the emissivity factor, which for flame radiation is about 
unity, will, for the outer wall surface, vary considerably 
with the type of surface. For brick and also for dark 
painted steel or iron surfaces, this factor is 0.9 or higher. 
For aluminum painted surfaces, which are now quite 
common in boiler rooms, the emissivity may be as low 
as 0.25, though there will be some variation with the 
quality of the paint and with its condition. For average 
conditions the emissivity of aluminum painted surfaces 
will vary between 0.3 and 0.5. The curves of Fig. 3 
show the radiation and convection rates plotted against 
surface temperature. A room temperature of 70 deg 
is assumed. 

If the temperature of the surface would remain con- 
stant, the application of aluminum paint would reduce 
the radiation component of the surface loss in propor- 
tion to the change in emissivity. However, because 
there is a reduction in radiation with a change in emis- 
sivity, the surface temperature will rise as less heat is 


+ 
+4 
+ + 








taken away. The entire gradient through the wall will 
change until a new equilibrium point is reached where 
the heat transmitted through the wall becomes equal to 
that lost from the surface. Thus, in Fig. 1, the solid 
line represents an equilibrium condition for a wall having 
an outer surface emissivity of 0.93. When the emissivity 
is changed to 0.3, the wall temperature will rise though 
the heat lost will be less. The gradient across the 
refractory will also change and the temperature of the 
inner wall will increase. This latter change is small and 
may be neglected. The new equilibrium condition is 
indicated by the broken line. 

The curves of Fig. 4 have been prepared to offer a 
graphical method for the determination of equilibrium 
conditions resulting from a change of the emissivity 
factor of the outer wall surface. The combined radia- 
tion and convection losses are shown for several radiation 
emissivity values and varying surface temperatures. 
Curves showing the conduction transfer rates for several 
types of walls are plotted across the surface loss curves. 
The equilibrium conditions are given by the intersection 


Fig. 4—Curves for determining equilibrium conditions for furnace walls with outside 
surfaces of different emissivity 
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Fig. 5—Heat conductivity values for refractory firebrick 
and insulating brick 


of the conduction transfer lines with the surface loss 
lines. Thus, for a 27-in. firebrick wall with an inner sur- 
face temperature of 2500 F and an outer surface emis- 
sivity of 0.93, the equilibrium temperature of the outer 
surface will be 305 F and the heat loss from the outer 
surface will be 710 Btu per sq ft perhr. If the emissivity 
of the outer surface is changed to 0.3, a new equilibrium 


condition will occur at a surface temperature of almost 


400 F and the heat loss will be 690 Btu per sq ft per hr. 

The loss curves of this figure are determined by surface 
conditions only and are proportional to temperature 
difference and emissivity. Wall transfer rates may be 
calculated for any type of wall and drawn in on this sheet. 
Curves for four types of walls are shown, two for solid 
refractory walls of 18 in. and 27 in. thickness, respec- 
tively, one for a partially water-cooled wall having tubes 
on 9-in. centers half imbedded in the wall and backed 
by 6 in. of conforming tile and 2'/: in. of moderately 
compressed mineral wool, and a curve for a completely 
water-cooled wall with tangent tubes backed up by 3 in. 
of conforming tile and 2'/: in. of moderately compressed 
slag wool. Each of the water-cooled walls has a steel 
casing. 


Progress of New York’s 
Air Pollution Survey 


An inspection of all furnaces, heating and power plants, 
and incinerators, by investigators of the air pollution 
survey which the Works Progress Administration is con- 
ducting under the direction of the Board of Health, has 
been made in Manhattan from the Battery to as far as 
Ninety-Seventh Street and if the present rate is main- 
tained will be completed in February. The survey is 
intended to provide the Department of Health with 
accurate information of the types of furnace, the fuel 
used and other data bearing upon the possibility of air 
pollution. 

When the work in Manhattan is finished, the squad 
of inspectors will begin the same type of survey in 
Brooklyn and then the other boroughs. 

The project has established thirty-five observation 
posts on the tops of buildings distributed over the five 
boroughs. This number will be increased until there 
is a total of fifty-three such posts. 
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‘““ALWAYS ON THE MOVE”’ 


- - that’s the A-Jacks 


_—— the uptake damper in a boiler furnace 
equipped with A-Jacks Combustion Control. 
While other controls would be standing still the 
A-Jacks is working—finding the right position 
to keep steam pressure or over-fire pressure 
right—hurrying on to the next position—always 
working—watching everything. 





A good combustion control must do just that. 
Steam demands are fluctuating constantly— 
puffy winds and eddies are constantly affecting 
draft—only a highly sensitive, quick acting, 
powerful regulator can keep up with these ever 
changing conditions. Thousands of installations 
have proved that A-Jacks Combustion Controls 
can and do. As many operating records tell the 
story of this better control in plain terms of 
fuel saved. 


The A-Jacks Damper Regulator and the A-Jacks over-fire 
control installed as shown below and made still more 
effective by the use of National Cam Valves, have a 
remarkable record in stoker fired plants. The A-Jacks 
is just as effective in smaller installations as in larger 
plants. Ask for complete 
information covering 
design, application, and 
performance. 





















National Regulator Co. 
2313 Knox Ave. Chicago 


Representatives in Principal Cities 


A-Jacks Over-Fire Control 
(opposite)—used to con- 
trol up-take damper, com- 
pensating for over-fire 
pressures produced by 
varying coal feed or in- 
duced draft. A_ typical 
hook-up of the A-Jacks 
Regulator and Over-Fire 
Control is shown in the 
diagram above. This is 
merely one of many effec- 
tive hook-ups. 





A-Jacks Damper Regulator 
—used in connection with 
highly accurate National 
Cam Valves to proportion 
stoker and blower speeds 


to steam demand. Operated 


CONTROL 
‘the Control that watches everugthing’ 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Hot-Water Accumulator on District 
Heating System 


In a recent paper before the Institution of Heating and 
Ventilating Engineers, A. Margolis describes the Ham- 
burg district heating system which is supplied largely with 
steam from back-pressure turbines that supply electricity 
to the city. Heat is furnished both by a steam distribu- 
tion system and hot-water lines. In connection with the 
latter there is employed a large vertical hot-water 
accumulator of welded construction and resembling a 
gasometer. It is mounted in the open and serves both 
as an expansion tank and as a heat accumulator to assist 
in balancing the diversity between power and heating 
demands. Its height varies from 65 to 130 ft and the 
capacity is 550,000 gallons. Thermal losses from the 
accumulator are said to be very small and the drop in 
water temperature over 24 hr is less than one degree. 
The paper is reviewed at length in the December issue 
of The Steam Engineer (London). 


Circulation in Cross-Drum Boilers 


Die Warme of November 2 contains a discussion by A. 
Doebler of circulation in cross-drum sectional-header 
water-tube boilers. Pointing out that circulation in the 
upper tubes may be reversed, under certain load condi- 
tions, the author advocatés steeper inclination of the 
tubes and a limited number of tubes per header section, 
also multiple connections between the headers and the 
steam drum. He cautions against the introduction of 
throttling devices to control circulation in certain tubes, 
but does not regard the heating of the downcomers as 
objectionable. The Doebler boiler is described as em- 
bodying the design features advocated by the author. 


A New Dust Precipitator 


A new design of dust precipitator which is claimed to 
be an advance on the usual type of cyclone has been de- 
veloped by the British firm of Fraser & Chalmers and is 
described in the December issue of The Power and Works 
Engineer. Cyclones depend for their action on the dif- 
ference in density between the carrying medium (air or 
gas) and the solid matter or dust to be precipitated. 
[t is pointed out that any attempt to increase the degree 
of separation of dust from gas by raising the inlet ve- 
locity intensifies a phenomenon by which the lower of 
the two vortex rings set up by centrifugal force re- 
entrains part of the dust that is forced to the shell, carry- 
ing it upward with the gas to the discharge pipe and out 
of the cyclone. 

The new precipitator which is called the ‘‘Micron,”’ 
overcomes this entraining action by the addition of a 
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compartmenting and shunting cone, which provides a 
lower boundary terminating the lower pair of vortex 
rings and allows a shunt current to pass to a secondary 
chamber below where a further pair of vortex rings is set 
up. Only a small portion of the gas passing into the 
precipitator reaches the lower chamber, with the result 
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that only an inappreciable quantity of dust is entrained 
and carried through the central opening in the cone to the 
evacuative column. This method of controlling the 
vortex rings is claimed to contribute greatly to the dust- 
separating efficiency. 

Another feature of the design is the provision of an 
annular diffuser in the outlet pipe. 

Efficiencies of 90 to 98 per cent are claimed, depending 
upon the density and the particle size. 


Experience with British High-Pressure 
Station 


The Electrical Review (British) of November 15 con- 
tains an abstract of the report of the Bradford Electricity 
Committee for twelve months’ operation, through 
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October, in which reference is made to the 1100-Ib 
installation in the Valley Road Power Station. The 
high-pressure unit ran for 1250 hr during the year. The 
early troubles due to blade corrosion in the turbine have 
apparently been overcome. Some deterioration of the 
reheater elements in the boiler have been noted, but the 
greatest difficulty has been in maintaining the refractory 
lining of the furnace, which resulted in frequent outages. 
There have been no difficulties, however, that are di- 
rectly attributable to the high pressure. 





An 80,000-Kva, 3000-Rpm Turbine- 


Generator 


During the past year, according to Die Warme, 
an 80,000-kva, 3000-rpm turbine-generator was in- 
stalled at the Schelle Power Station of the Interscant 
Company in Belgium. This unit, which is claimed to be 
the largest 3000-rpm machine in service, has one high- 
pressure and two low-pressure cylinders in tandem on a 
single shaft the total length being 55 ft. The high- 
pressure element is made up of one impulse and 23 
reaction stages and each low-pressure element has double 
flow through four reaction stages. The steam conditions 
are 515 Ib pressure and 850 F temperature. Three 
stages of extraction are employed for feedwater heating. 


Battersea Performance 


Battersea Power Station of the London Power Com- 
pany, according to The Steam Engineer has a record, for 
its first year of operation, of 27.24 per cent overall 
thermal efficiency on a load factor basis of 53.7 per cent. 
This is equal to 12,525 Btu per kw-hr. The coals 
burned in this station are mostly of the Scotch and 
semi-anthracite Welsh types having gross heating values 
of 11,000 and 13,500 Btu per lb, respectively, and are 
burned on multiple-retort stokers. 

At present an extension is being made to Battersea 
which will consist of three 300,000 Ib per hr boilers, each 
having a peak capacity of 400,000 lb per hr, which will 
furnish steam to a 110,000-kw turbine-generator. 


Extension to Dalmarnock 


The Electrical Times (British) states that the Dal- 
marnock Station, supplying Glasgow, is being extended 
by the addition of three 50,000-kw turbine-generators. 
One is now being installed, the second will go into ser- 
vice next year and the third will be ready in 1938. 
Three 200,000 Ib per hr boilers have been ordered for 
the last-mentioned unit. 

This station, it will be recalled, went into operation 
shortly after the close of the War and contained five 
18,750-kw turbine-generators operating at 275 lb steam 
pressure and 900 F temperature. For several years it 
was one of the outstanding stations in Great Britain and 
maintained a station heat rate of 19,000-20,000 Btu per 
kw-hr which was excellent for that period and the pre- 
vailing steam conditions. 
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Specific Heats of Gases and Vapors 
at High Temperatures 


Calorimetric determinations of the specific heat of 
gases at high temperatures offer unusual difficulties 
because the heat capacity of the very thin gases is small 
compared to that of the calorimeter. 

To determine the specific heat of gases and vapors 
with much greater accuracy they have been calculated 
from spectroscopic measurements. 

New values of mean specific heats of various gases en- 
countered in combustion and including steam and air are 
given in Archiv fir Warmewirtschaft & Dampfkessel- 
wesen, Vol. 16, No. 12, 1935, and are the results of de- 
terminations by E. Justi from spectroscopic measure- 
ments. They range from 0 to 3000 C, are given in large 
calories per Kg-mol and degrees and low constant pres- 
sures and are to be considered for = 0 atm abs. An 
accompanying table prepared by J. Otto, but not pub- 
lished in Warmewirtschaft, permits the conversion of these 
specific heats to pressures of about 20 atm abs. The 
corrections are, however, so small that the values of the 
tabulated specific heats may be used for = 1 atm abs 
without material error. 

The effect of dissociation, which has the effect of in- 
creasing the specific heat at the higher temperatures, is 
disclosed in a table of corrections. 

A comparison of the most accurate old and the new 
methods of determining the specific heats is shown in 
several curves at high and low temperature ranges and 
justify the new method. 

Like the calorimetric method the spectroscopic method 
is based on empirical determinations. 


Large Extraction Turbine in 
Paper Mill 


The December issue of Brown Boveri Review describes a 
10,000-kw extraction turbine-generator set which it is 
building for the Steinhagen & Sanger Paper and Cellulose 
Works at Myszkow, Poland. This is the third such set 
that has been installed in this plant, the other two being 
of 2750 and 6500 kw capacity; the latest unit, however, 
is of particular interest because it is one of the biggest 
extraction turbines that has been built by Brown Boveri 
& Company. It is a two-cylinder machine, the high- 
pressure element having two rows of impulse blades fol- 
lowed by a drum of reaction blading and the low- 
pressure element a single row of impulse blades followed 
by a large number of rows of reaction blades. The rota- 
tive speed is 3000 rpm. 

The initial steam conditions are 278 Ib per sq in. and 
750 F temperature. Maximum steam extraction is 
66,000 lb per hr at 50 Ib gage. 

. 


Coal Consumption of Different 
Countries 


The following figures of coal consumption in the chief 
European countries and also Canada and the United 
States, for the years 1913, 1929 and 1934, were given ina 
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recent issue of Glickauf and reprinted in the December 
issue of The Fuel Economist. 


Coal Consumption in Thousands of Tons 


Per Head 
of Population 

1913 1929 1934 1913 1929 1934 
Genki 6 didn. 6 6a wie cas 180,050 170,573 133,428 2.69 2.67 2.04 
Great Britain............ 192,127 176,285 164,346 4.17 3.96 3.61 
Ab claws 3 0k © ois nin’ ties 13,166 12,841 1.72 1.69 1.54 
WO Sc cveeds va rete. 26,046 38,486 27,914 3.41 4.77 3.38 
abn uk do ee Wale bine 64,834 96,629 76,744 1.63 2.31 1.75 
Gensco ds certs « de 7,591 9,643 7,415 0.37 0.43 0.30 
Seeitwtie dinate caer os 11,343 15,449 13,400 0.32 0.38 0.32 
Czechoslovakia.......... ye 29,013 18,311 Ge 1.99 1.19 
ee a eee 9,070 9,352 7,195 1.13 1.10 0.84 
aided baka winslna erate 32,354 19,166 a 1.07 0.58 
Se ish 00s diclaalea “sk 5,763 6,671 7,102 1.02 1.09 1.15 
IN ibis hsb ok ale ous 44,644 40,136 89,971 0.26 0.27 0.57 
WG eds eso ds iNew case 18,115 35,613 36,036 0.34 0.56 0.53 
CN gs ola koe' a adda a's 29,539 33,631 26,015 3.81 3.44 2.39 
United States............ 494,734 532,788 363,683 5.10 4.37 2.87 


The increased consumption per head of population in 
France since 1913 is due to a great development of the 
heavy industries, such as iron and steel production, and 
also the inclusion in the French statistical area of the 
Saar industrial region. Russia also is a country which 
is rapidly developing industrially, which accounts for 
the increased consumption of coal per capita last year as 
compared with 1913. In the United States, the re- 
duction in coal consumption per capita since 1913 can 
be reasonably supposed to be due largely to more ex- 
tensive use of oil and natural gas fuels since 1913, and 
to some extent this is true also of Canada. 

In countries such as Great Britain and Germany, the 
decline in coal consumption per capita since the war is 
scarcely accounted for by its replacement with oil fuel. 
In the meantime, industrial production has considerably 
increased which, all other things remaining equal, should 
lead to an increase of coal consumption. It must be 
assumed therefore, that coal is being utilized in industry 
with much greater efficiency than formerly. 





World Power Conference Plans 


Pians for the Third World Power Conference,:to be 
held in Washington, D. C., September 7-12, 1936, are 
rapidly taking definite form. Unlike the previous con- 
ferences there will be no strictly technical papers but 
instead emphasis will be laid on the fundamental prob- 
lems of power resources, their development and use as a 
means of promoting the social and economic interests of 
the nation. 

The preliminary program, outlining the scope and 
subjects to be covered but not the authors, has been 
published in four languages-—English, French, German 
and Spanish. The papers will also be published in these 
languages. 

As a substitute for the technical program a number of 
tours are being arranged to include outstanding installa- 
tions of steam power, coal production and processing, 
oil refining and hydrogenation and hydroelectric develop- 
ments. Visits will also be made to several large research 
laboratories. In conjunction with these trips informal 
round-table technical conferences are to be held at cen- 
ters visited. Some of these trips will precede and others 
follow the conference in Washington. 

The American National Committee has its headquaters 
in the Interior Building at Washington with O. C. Merrill, 
Director, in immediate charge of the organization and 
planning. 
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Flexible Couplings 


Safeguards Your Equipment 
Against Wear, Breakdowns and 


Costly Maintenance 





The gear type coupling with more 
superior points, scientifically designed, 
than any other similar type. 


Forged Steel---No Fatiguing Parts 
Fully Lubricated---Dust Proof Self 
Aligning Without Binding. 





Get the facts about POOLE couplings by 

sending for our handbook, ““FLEXIBLE 

COUPLINGS” Free for the asking—Get 
it today. 


POOLE FOUNDRY 
& MACHINE CO. 


BALTIMORE, MD. 














Progress in Power 


For some years past it has been cus- 
tomary for the several professional divi- 
sions of the A.S.M.E. to prepare progress 
reports on trends and accomplishments 
in the respective fields for presentation at 
the Annual Meeting in December. At 
the last meeting the report covering fuels, 
steam power, oil and gas power, and hy- 
draulics, was presented by Professor C. E. 
Lucke of Columbia University and ap- 
proached the subject from a rather dis- 
tinctive angle. The full report is sched- 
uled to appear in the February issue of 
Mechanical Engineering, but the follow- 
ing is an excerpt from the introduction. 


HE true objective of progress in power is reduction 

of power cost, or improvement of suitability of 

generating plant for a special case or class of drive 
in any of the divisions of transportation or stationary 
service. Whatever has reduced power cost is thus proved 
to be an item or a means of power progress, and the 
same is true of anything that improves the suitability 
of equipment for a given service without increase of 
power cost beyond what can be borne. There can be no 
absolute measure of progress. Comparison of new with 
old on a competitive basis as to power cost and service 
suitability must determine when progress has been 
made. Those new engineering ideas or inventions, 
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newly developed processes or equipment that are the 
result of a power progress motive, may or may not 
finally be entitled to such a claim. The conclusion must 
be deferred until after acceptance and use in competition 
with alternates. Progress certainly is not measured by 
novelty alone, whether engineering progress or power 
progress. 

While conclusion must thus be deferred, there is value 
in a weighing of possibilities of engineering improvements 
as prospective means of making progress in power. 
This sort of thing is, moreover, quite necessary in the 
formulation of plans, programs and policies by engi- 
neers and organization executives concerned with any 
phase of power activity. Usually each one prefers his 
own opinion, and there is just as much competition be- 
tween opinions as there is between alternate ‘power 
generating systems and equipment. 

Interpretation of facts to discover trends may be as im- 
portant as the facts themselves, and it may indicate di- 
rections worthy of effort in the interest of progress, or, 
negatively, directions in which no effort seems worth 
while. Identification of trends really amounts to fore- 
casting, dangerous but necessary, and it requires in- 
formation on both tangible things and intangibles, the 
interpretation of which may lead to conclusions as to 
what should or should not be done with no specific evi- 
dence in that direction. 


Three Types of Persons Concerned with Power Progress 


There are three major types of parties concerned with 
power progress and each may properly set up different 


ELECTRUNITE 








MODERN type boiler tube of steel or rust-re- 


A sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
by the electric resistance method. 
The weld is as strong as the wall. Diameter, concen- 
tricity and wall thickness are absolutely uniform. 
Inside and outside surfaces are smooth and free from 
scabs, slivers and rolled-in scale. Tubes are full- 
normalize-annealed, soft, ductile and of uniform grain 
structure. Every tube is tested at pressures far in ex- 
cess of code requirements. 
Because ofthese features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time 
and labor, and add to the safety and life of equipment. 
Made in a full range of sizes for fire-tube or water-tube 
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standards of judgment as to advances in its own zone of 
activity; (1) The power user and engineer of utilization 
or application of power; (2) the manufacturer of power 
generating equipment, and the designing engineer; 
and (3) the operator of power equipment and the operat- 
ing engineer, independent of power use and of creation 
of means of power generation. The power user. must 
be put in first place as the supreme court of judgment of 
competitive cost of power and of the suitability for his 
purpose of alternative means of generation, the supplying 
of which is the business of the other two groups. 

The other two groups -whose attention is necessarily 
concentrated on alternative means of generation must 
deal with sources of energy, efficiency of transformation, 
apparatus design and performance limits, but here 
novelties that are engineering improvements worthy of 
notice as items of engineering development may not be 
classed as real contributions to power progress until ac- 
cepted by the first group, the user, as competitively 
better for his purposes than what had been available. 
Admiration for the ingenuity of the designer or inventor, 
for the profundity of knowledge of the research engineer 
or the resourcefulness of the solver of technological 
problems is apt to obscure the fact that the result is ac- 
ceptable and salable to the user only when the new 
generating equipment produces cheaper power, or is 
more suitable for his needs. 

While the user group is the one that must pass judg- 
ment on progress as to competitively acceptable improve- 
ments in generating equipment, the exercise of this 
judgment by one class of user, has been too often limited 
by disinclination to change an old practice, thus mini- 


mizing the prospective value of new means perhaps de- 
veloped and in successful use by another class of user 
and so close the door to possible progress arising from the 
efforts of the other two groups concerned with the im- 
provements of means. Open-mindedness on the part 
of user groups is a prerequisite essential to all power 
progress. 

There is evidence of progress by all three groups, both 
tangible and intangible, the tangible being concerned 
with creation of improvements in new equipment, in oper- 
ation of equipment, and in user acceptances, especially 
as between different groups of users, such, for example, 
as stationary in relation to transportation classes of 
users. Some observations and comments on progress 
are given in the report in four classes, the first being 
general as to systems of generation, and the last three 
based on the steam, internal-combustion and hydro 
systems, respectively. Some are items of power progress, 
others of engineering development, and each reader may 
judge for himself the relation of the latter to the former. 

Intangible progress is evidenced by rapidly growing ac- 
ceptance by all three groups of research, properly defined 
and properly directed, as a necessary activity instead of 
something to be suppressed as a nonproductive expense. 
This was mentioned last year with reference to means of 
generation, but it is being extended to the user problem 
of selection or adoption of alternate driving equipment. 
The key to this problem is rationalism of analysis of re- 
lations between cause and effect, as distinguished from 
empiricism or tradition, and rational analysis has never 
been so actively accelerating in so many directions as 
now. 
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ENGINEERING BOOKS 








l1—Reducing Industrial Power 
Costs 


By Davin Morrat MYERS 
Price $4.00 


This book deals with the generation and 
utilization of steam and power from the 
economic angle rather than from that of 
design. It is not written for technically 
trained power engineers but rather for 
executives and managers, with or without 
some engineering background, who have 
supervisory power responsibilities and 
may at times be faced with the necessity 
of making decisions in such matters. 
Hence, the text is essentially non-tech- 
nical and of an educational or informative 
character. 

Chapters on the selection of fuel, mak- 
ing or buying power, control of efficiency, 
steam plant losses and savings, the hu- 
man factor, etc., are typical of the eco- 
nomic treatment. Other chapters on the 
boiler plant, stegqm pressures, fuel burning 
equipment, prime movers, boiler water 
treatment, heating systems, etc., serve to 
give the reader a rather general idea of 
practice. 

The ‘‘Power-Loss Chart’ provides a 
most convenient method of checking and 
correcting losses that may be going on in 
an industrial power plant, and a conclud- 
ing chapter on ‘‘Power Facts and Data”’ 
provides a useful reference for comparison. 


378 pages 


2—The Chemical Formulary 
Volumes I and II 


51/2 X 81/, Price $6.00 
51/. X 81/, Price $6.00 


Chemists, engineers, technical workers, 
purchasing agents, executives, instructors, 
etc., will find this condensed collection of 
valuable, timely and practical formulas for 
making thousands of products in all fields 
of industry of great assistance. It bridges 
the gap between theory and practice. 
More than two hundred industrial chem- 
ists, professors and technicians in many 
branches of industry have cooperated to 
make this the most modern work of its 
kind available. 

Vol. I of The Chemical Formulary was 
published in 1934. Vol. II supplements 
the former volume and brings it up to 
date. This new volume covers the entire 
field of practical chemical compounding. 
It is entirely new and not a revised edition. 
Not one formula that occurs in Vol. I is re- 
peated in Vol. II. 


600 pages 
570 pages 


The Chemical Formulary, Vols. I and 
II, contains methods for making: 


Abrasives, Adhesives, Alloys, Anti-freezes, 
Anti-corrosives, Artificial Rubber, Artificial 
Stone, Artificial Leather, Automobile Specialties, 
Boiler Compounds, Candles, Carbon Paper, 
Celluloid, Cement, Cement Water-proofing, 
Chromium Plating, Cleaning Compounds, Con- 
crete Specialties, Cork Compositions, Cutting 
Oils, Disinfectants, Driers (Paint) Dyeing, Ex- 
plosives, Extracts, Fertilizers, Fire Extinguishers, 
Fireproof Paints, Flotation Agents, Fuels, Gems, 
Grease, Lubricating Ink, Printing Ink, Specialties, 
Insulation, Electrical, Japans, Lacquer, Leather 
Finishes, Lubricants, Metal Plating, Metal Pol- 
ish, Molding Compounds, Oilskin, Paint, Acid 
Proof, Paint, Cold Water, Paint Remover, Paper 
& Pulp Specialties, Paper Coating, Petroleum 
Specialties, Pigments, Plastics, Plasticizers, Re- 
fractories, Rubber Compounding, Rustproofing, 
Safety Glass, Shoe Dressings, Solidified Oils, 
Soluble Oils, Solvents, Stains, Wood, Stripping 
Solutions, Tanning, Varnish Bakelite, Varnish 
Removers, Viscose Specialties, Vulcanization, 
Waterproofing, Wax Emulsions, Wood Filler, 
etc., etc. 


3—Combustion in the Power 
Plant (A Coal Burner’s 
Manual) 


By T. A. MarsH 
Price $2.00 


The author’s discussion of coals and com- 
bustion is simple and understandable. 
His consideration of equipment—stokers, 
boilers, furnaces, fans and auxiliaries—is 
thoroughly practical. He tells how to 
select a stoker for the best available coal; 
how to design furnaces and arches; how to 
analyze draft problems and design chim- 
neys, gas flues and boiler passes; how to 
purchase coal and calculate steam costs. 
He gives to every phase of his subject a 
practical interpretation that makes this 
book of exceptional value to men actually 
identified with steam plant design and 
operation. 


255 pages 


4—Coal through the Ages 
By Howarp N. EAVENSON 
Price $1.50 


This little volume is a compilation of ad- 
dresses made by the author during presi- 
dential visits to various local sections of 
the A.I.M.E. during 1934 and is published 
for the Seeley W. Mudd Fund by the 
society. The text traces in a most fas- 
cinating manner the relation of mineral 
fuels to advances in civilization; it de- 
scribes the early mining methods and their 
subsequent development, and discusses 


123 pages 


coal as a pertinent factor in our national 
economy. Well executed pen sketches 
add to the attractiveness of the book. 


5—Dust 
By S. Cyrit BLACKTIN 


296 pages Price $6.50 


Dr. Blacktin has sought to supply the 
need for a comprehensive monograph 
on dust, and has written an exceedingly 
useful treatise. The scope includes every 
aspect of dust, and his book will be valued 
for the bibliography alone, which lists 
more than 500 references. Among other 
subects the author deals with dust storms, 
explosive dusts and diseases caused by 
dusts. : 

The consideration of dust and its 
effects is required in widely diversified 
branches of science and technology, in- 
cluding geology, botany, agriculture, theo- 
retical research, smelting and refining, air 
conditioning and many processing indus- 
tries. 

Dust is recommended as an authorita- 
tive reference work for research engineers, 
plant managers, health officials and all 
who have to deal with the dust problem 
in manufacturing, science and disease. 


6—Fans 
By THEODORE BAUMEISTER, JR. 
241 pages Price $3.50 


The author, who for several years has 
conducted a course in air and gas ma- 
chinery at Columbia University, has pre- 
pared this book not only as a reference in 
teaching but also as a practical treatise 
for those who from time to time may be 
called upon to select fans for specific 
purposes. 

For this reason the text has been ar- 
ranged logically by first describing the 
principal types and commercial makes of 
fans and blowers; then discussing the 
characteristics of these types, in which 
connection terms and laws are explained; 
and then a chapter on selection, which in- 
cludes numerous tables. ‘‘Theory and 
Design,” ‘Fluid Flow’ and ‘‘Fan Testing” 
are the titles of subsequent chapters for 
those who may have occasion to go into 
this phase of the subject. 
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EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 81 water-tube and h.r.t. boilers were placed in 








November 
Number Square Feet 
Pe  6Gv Heabcidadectaeamncharceckis terns 81 224,863 
DEOVOGIIIE,, Be 6 ha cde eoccnceucs ate wines 55 138,745 
January to November (inclusive, 1935).... a 3,054,951 
EE I SOG 6.60 ns CN Os o's Codes 40% Cesict ween 802 2,307 ,647 





NEW ORDERS, BY KIND, PLACED IN NOVEMBER 1934-1935 
November 1935 November 1934 





7 











Kind Number Square Feet Number Square Feet 
Stationary: 
WEROe GHGs coccisiccccces 44 178,180 32 115,692 
Horizontal return tubular. . 37 46,683 23 23,053 
81 224,863 55 138,745 





Mechanical Stoker Sales 


Orders for 213 stokers Class 4* totaling 34,849 bp were 
reported in November by 68 manufacturers 





Installed under 








a 


Fire-tube Boilers Water-tube Boilers 





No. Horsepower No. Horsepower 
WOVGRHGR 19GG. .6 cvwccccccecves 170 21,463 43 13,386 
OC REIN s. 00s 0.4 0.0.8 Kd. terns 180 22,146 25 17,621 
January to November (inclusive, 
SP ceecccehalds tone aesee ns 1,595 207,548 522 193,502 
Same period, 1934.............+- 1,517 189,246 446 182,700 





* Capacity over 300 lb of coal per hr. 


Pulverized Fuel Equipment Sales 


Orders for 15 pulverizers with a total capacity of 126,035 lb per 
hr were placed in November 


STORAGE SYSTEM 





a aa Ligittibiblinehl a ee ee 
Pulverizers Water-tube Boilers 
- 
a 
° o§ ' 
o a = as = § = 
Sm bo = 9 a ~ 
3 old r) >? ot gS 
8 2 - w 3 a uv 
S sy & Os the o's 
a vod ‘M Bus = bo BS 
3 Ba bad oh wy od 42 
a wv ue os Vv a+ = 
Bo oe 6 a @ 2 Ra ~ @ 
a —s ao =] a3 3 ke 
- - a . ~ La ~ ~s 
> 3 § oy 5 ss 28 
& Ake & & A, A H to 3 
November 1935...... ab oa Fes, wires ~ gicewe: "lel aa eres 
November 1934...... os s% Ce we } Meee ; 
January to November 
(inclusive, 1935)... a a * Ob whee 2 ne 
Same period, 1934... 2 1 l 46,000 * * . 


DIRECT FIRED OR UNIT SYSTEM 











Pulverizers Water-tube Boilers 

November 1935...... 13 11 2 124,650 10 87,403 988,900 
November 1934...... 3 sd 3 6,335 3 11,520 67,800 
January to November 

(inclusive, 1935)... 123 86 37 798,440 98 708,587 6,803,560 
Same period, 1934... 82 657 25 502,785 65 412,017 4,172,370 

Fire-tube Boilers 

November 1935...... 2 1 1,385 2 3,450 16,250 
November 1934...... 2 oe 2 1,535 2 3,000 15,600 
January to November 

(inclusive, 1935)... 7 1 6 6,685 7 12,830 68,750 
Same period, 1934... 12 3 9 11,765 13 15,486 111,900 


* Data not available. 
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«TY ‘|! BOILER SAFETY *}! 
Mon 


52 Years of 
BOILER SAFETY 


T’S worth mentioning—because nearly 134,000 
boilers have shared in it. 


Our staff has made hundreds of improvements and 
perfected many new designs of boiler alarms, water 
gages and gage cocks in the past half century. But 
we haven’t been able to improve the basic design of 
the Reliance High and Low Water Boiler Alarm. 
That simple positive mechanism remains the quickest 
surest device for detecting variations in water levels. 


) BOILER ; 


so 


(<> 


Reliance Alarms have served and are now serving 
nearly 134,000 boilers with pressures as high as 850 Ibs. 
Not one has been known to 
fail in an emergency. 


Nh 
; 


Such a safety device, with 
such a record, is worth men- 
tioning—and worth your con- 
fidence and specification. 


SAFETY 


. 


mee 


The Reliance Gauge 
Column Co. 


5942 Carnegie Ave., 
Cleveland, Ohio 


| 


are IE 
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SAFETY WATER COLUMNS 

















STANDARD TRAPS 


The majority of all trapping 
jobs can be handled with com- 
plete satisfaction by the seven 
standard size Armstrong Steam 
Traps ranging from the little 
No. 200 (or 201) up to the big 
No. 216. All of these traps are 
available with the exc/usive auto- 
matic air by-pass for fast heating 
blast trap service. Write for 
the Armstrong Steam Trap 
Book telling where, why 
and how to use these 
traps. 


AIR TRAPS 2s 


Armstrong makes a complete 
line of traps for discharging air, 
or other non-condensible gas, 
from water or other liquids. 
Removal of water from com- 
pressed air and deaerating closed 
water systems are typical appli- 
cations. Ask for a copy of the 
new Armstrong Air Trap Bulletin. 
It describes numerous interesting 
applications, 





SPECIAL TRAPS 


PULSATING PRESSURES — 
Engine separators, etc., should 
be drained by traps, No. 223, 
225 or 226, which feature the 
special separating chamber that 
protects trap valve mechanisms 
from pulsations. 
SUPER-CAPACIT Y—Arm- 
strong Compound Traps are 
available to handle virtually un- 
limited volumes of condensate. 
Three standard sizes for low 
and medium pressures, 
and for high pressure. 
Larger sizes built on order. 


7 HIGH PRESSURE 


Standard Armstrong Forged 
Steel Traps are made in three 
sizes for pressures up to 1500 Ibs. 
(Higher pressures built on order.) 
Each trap is tested at 3000 lbs. 
hydrostatic 
traps are now available with 
integral flanges to conform 
to either American or Navy 
standards. Specification sheets 


pressure. These 


on request. 


ARMSTRONG MACHINE WORKS 


814 Maple Street 


Three Rivers, Mich. 
43 
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CHRONILLO’ ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 


COST MORE? Yes, but PFHE BAYER COMPANY cheap imitations may be of- 


WHAT SERVICE LIFE! 4067 Park Ave. 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


St. Louis, U.S.A. fered. 








YARWAY SEATLESS BLOW-OFF VALVES 


NO SEAT TO SCORE, CLOG, WEAR, LEAK 
Coy c-Mb delose MD CUPULULU MD bot-5 Cod tLe tele) o¥-3 


4 es _— Send for Celluloid Working 
(=~ A Model and Catalog © -417 


YAR AEX (+ 
tree 8 


YARNALL-WARING CO. ‘ PHILADELPHIA, PA 
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